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PROTEIN REQUIREMENTS OF BOBWHITE QUAIL CHICKS 
FOR SURVIVAL, GROWTH, AND EFFICIENCY OF FEED 
UTILIZATION! 


R. B. Nestler, W. W. Bailey, and Harold E. McClure 


The only studies reported on the pro- 
tein requirements of growing bobwhite 
quail are by Norris (4), who conducted 
two experiments with battery-reared 
birds that were fed protein in levels of 
21, 24, 27, 30, 33, and 36 per cent. The 
® results indicated that for rapid growth 
quail require 27 per cent of protein in 
their diet for the first eight weeks. 
However, the difference between the 
live weights of the birds on the 24 and 
the 27 per cent levels was not great. 

For ring-necked pheasants, birds of 
the same superfamily (Phasianoidea) as 
the quail, Callenback and associates (1, 
2), and Norris and associates (5, 6), 
found that a protein level of 24 per cent 
‘gave satisfactory growth. Maximum 
growth, however, was obtained at eight 
and twelve weeks of age with protein at 
28 per cent. 

The protein requirements of both the 
quail and the pheasant chicks are con- 
siderably higher than those of domestic 
chicks, for which, according to Ham- 
mond, Hendricks, and Titus (3), the op- 
timum level of protein intake during 
active growth is about 21 per cent. 


‘Based on data from joint investigations 
by the Fish and Wildlife Service, U. S. De- 
partment of the Interior and the Bureau of 
Animal Industry, U. S. Department of Agri- 
tulture, under funds provided by the Bank- 
head-Jones Act. 


Further study of the protein require- 
ments of bobwhite chicks was deemed 
desirable because the report on Norris’ 
work does not show the effect of the 
protein diet on the efficiency of feed 
utilization and on the survival of quail. 


EXPERIMENTAL METHODS AND 
MATERIALS 


During the spring and summer of 
1939, four experiments were conducted 
at the Patuxent Research Refuge, 
Bowie, Maryland, with bobwhite quail 
(Colinus virginianus) to determine their 
protein requirements for growth, satis- 
factory survival, and maximum feed ef- 
ficiency. In all four experiments the 
quail chicks were removed from the in- 
cubator twenty-four hours after hatch- 
ing, legbanded with numbered celluloid 
canary-bands, weighed, and distributed 
at random into three cardboard con- 
tainers similar to those used for chicks 
of the domestic fowl. Each of the four 
compartments of the cardboard con- 
tainers was given a number correspond- 
ing to the brooder pen to which the 
birds were later transferred. The same 
number of chicks was placed in each of 
the 12 compartments. In Experiment 
No. 1, 168 chicks were used; No. 2, 240; 
No. 3, 216, and No. 4, 192. For the first 
experiment only shavings were supplied 
in the divisions of the containers, but 
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for the other three experiments a hot 
water bottle was placed in each com- 
partment to keep the chicks warm. In 
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A). The shelter or enclosed portion ¢ 
each brooder pen had two compart. 
ments—one at the rear heated ani 
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Puen equipped with a hover, and one at the —_ 
xper- 
FEED MIXTURES USED IN MAKING _ front unheated. For the first twenty. iment 
THE EXPERIMENTAL DIETS four hours the chicks were confined j, 
nner Sina pees the heated oe / _ next day they 1 
Feed mixture A | B Cc | D prt si so aies ; e a one. After 
Protein content Low | High Low | High ° _ ay,1 € weather permitted, 
Na the birds were free to use the sun porch, 
Ground siiteson | 27.01 | 0.42 | 49.02 | 14.83 Every night, and also dur Ing inclement —_ 
Ground wheat 15.00| 15.00] — | — weather, they were shut inside thei 2and3 
Finely ground heavy 
oats 15.00 | 15.00 | 15.00 | 15.00 shelter. 
Alfalfa leaf meal 6.00 | 6.00 6.00 6.00 , 
N. A. fish meal 4.00 | 12.56 | 1.36 | 9.00 At the end of four weeks, in Experi. 
pine = | $60) 8E| £2 | ents Nos. 1 and 2, and 
Dried skim milk aianianaise Se. + oo, at the end of 
Dried liver meal 15:99 | 5-00 | 10.00 | 10.00 five weeks in Nos. 3 and 4, the birds — 
1 w J —_ _ — 
Pulverized limestone 0.06 | 0.29] 1.32] 1.67 were removed to holding pens (Pl. 13 4 
Special steamed bone- a0, 
RE Ted EN eed, Wat B) where they were kept for the re- 
+MnS0,° 4H:0) 0.50] 0.50] 0.50} 0.50 mainder of the experiments. 
Total {100.00 |100.00 |100.00 |100.00 The birds and the residues of feed 
® In Experiment 4 the ground wheat was replaced by were weighed every other week from the 6 Th 
an equal weight of ground white corn. beginning. Postmortems were made on protein 
addition the room in which the work most of the dead birds by the: Disease | 
was done was kept warm and freefrom Investigations Unit of the Fish and — 
draughts. Wildlife Service at the Patuxent Re- a 
As soon as practicable the chicks were search Refuge. fre fo 
transferred to outdoor brooders (PI. 13, In all experiments the same six levels slate 
diet, b 
TABLE 2 bined 
APPROXIMATE PROTEIN, MINERAL, AND VITAMIN CONTENT OF 
FEED MIXTURES 
Experiments 1 and 4 Experiments 2 and 3 
Feed mix- Feed mix- Feed mix- Feed mix- 
ture A ture B ture C ture D- 
(Low protein) | (High protein)| (Low protein) | (High protein) 
Protein (per cent) 20.0 34.0 20.0 34.0 _ Fe 
Calcium (per cent) 1.6 1.6 1.8 1.8 No, | po 
Phosphorus (per cent) 1.0 1.0 0.9 0.9 
Vitamin A (I.U. per pound) 5,200 5,200 7,500 7,500 
Thiamin (I.U. per pound) 310 470 290 460 
Riboflavin (Cornell-chick ay ae 
units per pound) 4,900 4,800 6,200 6,700 a 
Pantothenic Acid (Jukes-Lep- 2/C 
kowsky value per pound) 1.8 1.9 2.0 2.4 if 
The 0.5% of fortified cod-liver oil added to the mixtures contributed approximately 900 —- 


International units of vitamin D per pound of feed. 
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TABLE 3 
CHEMICAL ANALYSES OF THE DIETS (PERCENTAGES) 
————SeS TT 
Diet Non- Nitro- 
|identi-| Wa- | Crude True protein ; * Cal- | Phos- 
— yo ter | protein] protein | nitro- Ash Fat | Fiber — cium | phorus 
tion* gen 
wea 22 |11.01]| 21.61 20.49 | 0.84 | 7.62 | 3.93 | 4.69 | 51.42 | 1.62 | 0.99 
24 |10.76| 23.47 | 22.42 | 0.79 | 7.68 | 3.87 | 4.94 | 49.54 | 1.63 | 1.01 
26 |10.65| 25.57 | 24.11 | 1.10 | 8.11 | 3.79 | 5.24 | 47.00 | 1.65 | 0.99 
28 |10.66| 27.26 | 26.01 | 0.94 | 8.15 | 3.74 | 5.20 | 45.30 | 1.67 | 1.01 
30 | 10.67] 29.59 | 27.78 | 1.36 | 8.18 | 3.70 | 5.85 | 42.46 | 1.65 | 1.02 
32 |10.59} 31.53 | 29.53 | 1.50 | 8.20 | 3.74 | 5.79 | 40.65 | 1.64 | 1.04 
dand3| 22 |10.44| 22.47 | 20.25 | 1.67 | 7.35 | 4.88 | 4.40 | 51.01 | 1.90 | 0.88 
94 110.57} 24.03 | 22.51 | 1.14 | 7.55 | 4.62 | 4.60 | 49.01 | 1.88 | 0.83 
26 |10.28| 26.02 | 24.48 | 1.16 | 7.82 | 4.58 | 5.03 | 46.65 | 1.87 | 0.79 
28 |10.08| 28.28 | 26.60 | 1.26 | 8.13 | 4.87 | 5.27 | 43.79 | 1.86 | 0.80 
30 | 10.30; 29.99 | 28.26 | 1.30 | 7.91 | 4.48 | 5.63 | 42.12 | 1.85 | 0.82 
32 |10.07| 32.19 | 30.14 | 1.54 | 7.98 | 4.61 | 5.76 | 39.90 | 1.80 | 0.80 
4 22 9.45 | 22.27 | 20.87 | 1.05 | 7.99 | 3.90 | 4.75 | 51.99 | 1.63 | 0.98 
24 9.24! 24.46 | 22.88 | 1.19 | 8.14 | 4.46 | 5.07 | 49.02 | 1.63 | 0.98 
26 9.17] 26.53 | 24.53 | 1.36 | 8.23 | 4.53 | 5.13 | 47.05 | 1.63 | 0.99 
28 8.89] 28.18 | 26.47 | 1.29 | 8.38 | 3.90 | 5.53 | 45.54 | 1.67 | 1.01 
30 8.80} 30.34 | 28.70 | 1.23 | 8.64 | 4.36 | 5.77 | 42.50 | 1.63 | 1.06 
32 8.87] 32.51 | 30.34 | 1.63 | 8.73 | 4.35 | 5.97 | 40.11 | 1.65 | 1.06 






































* The numbers in this column identify the six different diets by indicating the per cent of 
protein it was planned they should contain; the quantity of protein they were found to con- 
tain when analyzed is given in the fourth column. 


of protein were compared, namely, 22, 


24, 26, 28, 30, and 32 per cent. For the 
first four weeks of each experiment, du- 
plicate pens of birds were fed on each 
diet, but thereafter the groups were com- 
bined because of lack of holding pens. 


TABLE 


The diets were prepared by combin- 
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MORTALITY DURING THE FIRST TEN WEEKS AND ITS CAUSE 


ing two feed mixtures, one high and the 
other low in protein, together with 
0.5% of fortified cod-liver oil. The mix- 
tures were not the same in all four ex- 
periments. Those for Experiments Nos. 








Exp 
No, 





Feed mixtures 

used in com- 

pounding the 
the diets 



























































a bo Causes of mortality 
Intestinal os. le a & 
— a - pes Chilling Starvation Unknown 
nutrition 
Num-| Per 
ber | cent Per Per Per Per Per Per 
Num-|cent of Num-!cent of| Num-!cent of| Num-jcent of Num-/cent of} Num-|cent of 
ber | total | ber | total | ber | total | ber | total | ber | total | ber | total 
mort. mort. mort. mort. mort mort. 
72 | 42.9 27 | 37.6 16 | 22.2 Si 32.3 —_ _ 4] .5.6 17 | 23.6 
109 | 45.4 43 | 39.4 26 | 23.9 13 | 11.9 _ _ 5 4.6 22 | 20.1 
120 | 55.6 41 | 34.1 46 | 38.3 9 7.5 8 6.7 7 5.8 9 7.5 
76 | 39.6 34 | 44.7 22 | 28.9 8 | 10.5 _— —_ _ _ 12 | 15.8 
377 | 46.2 | 145 | 38.5 | 110 | 29.2 38 | 10.1 8 2.1 16 4.2 60 | 15.9 
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2 and 3 were identical, whereas those Experiment No. 4. The ingredientg 
for Experiments Nos. 1 and 4, although these mixtures are listed in Table y 
markedly different from the other mix- __ their approximate protein, mine 
vitamin contents in Table 2, and che 
« ical analyses of the diets in Table3, | 








RESULTs AND Discussion 


Mortality and Survival—Table | 
shows that the mortality during { 
first ten weeks ranged from 39.6 
55.6 and averaged 46.2 per cent ing 
four experiments. 

To the senior author, who formery 
worked with chickens, this mortali 
seemed alarmingly high. However, j 
discussions with a number of reliabj 
quail breeders, it was found in most iq 
stances that a 45 per cent mortality wa 
-s swe S : considered normal. Figure 1 shows th 
| | | most of the mortality occurred duri 

the first six weeks, and especially duri 
the first fourteen days. Table 5 she 
that mortality first was heavy on # 
fifth day, and did not diminish appre 
tures, differed from one another in only ably until after the thirteenth day. 
one feature—the ground wheat used in Figures 1 and 2 reveal that there 
Experiment No. 1 was replaced by an a marked tendency for mortality tod 
equal weight of ground white corn in crease as the protein was increas 











CUMULATIVE MORTALITY IN PERCENT 














GROUP A-DIET WITH 22 PERCENT OF PROTEIN 
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4 6 40 
AGE IN WEEKS 


Fig. 1. Mortality in Experiments 1—4 during 
the first ten weeks. 


TABLE 5 
DAILY MORTALITY DURING THE FIRST EIGHTEEN DAYS 





Protein Days from time of hatching 
in diet 
(per cent) 11 |12 


22 5 |10 














24 | 2 
26 10 
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PLATE 13 





Enclosures for bobwhite quail at the Patuxent Research Refuge, Bowie, Maryland. 
A (upper).—Colony brooders. B (lower).—Holding pens. 
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77777] JENTERO-COMPLEX (PASTED VENT 
Same ,ENTERITIS, IMPACTED GIZZARDS) 


} [CANNIBALISM AND STARVATION 
XY AS A RESULT (PICKING OF TOES AND BEAKS) 
V7 BACTERIAL AND PARASITIC TROUBLES,SUCH AS 
WLLL OMPHALITIS, NEPHRITIS ANO PNEUMONIA 
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Fig. 2, Total nortality on each diet, and the proportions from various causes. 


from 22 to 32 per cent; this is demon- the only significant differences in sur- 
strated also in Table 6. When Fisher’s vival of the quail were between the lots 
‘test was applied to the data in Table 6, receiving one of the three higher pro- 
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TABLE 6 


EFFECT OF LEVEL OF PROTEIN 
INTAKE ON SURVIVAL OF 
GROWING QUAIL 











Pro- Quail surviving 
tein 
in To end of | Toend of | To end of 


diet | 2nd week 10th week 
22 (50.06+7.53/42.90+7. 65/37. 74+6.79 
24 69.72 + 7.53/56. 96+7. 65)54. 93 +6.79 
26 (60.03 +7.53)52.29+7. 65/47. 92+6.79 
28 |74.96+7.53'67.82+7.65.60.90+6.79 
30 |74.01+7.5366.99 +7.65/55.44+6.79 


32 78.15 £7.53/75.43 +7 .65)68.74 £6.79 


4th week 














tein levels, namely, 28, 30, and 32 per 
cent, as compared with those on the 22 
per cent level (Table 7). 

Live Weights.—The 28 per cent pro- 
tein level gave the most rapid growth 
up to the seventh week (Fig. 3). The 22 
per cent level, on the other hand, re- 
sulted in the poorest growth up to 
about the ninth week. Tables 8 and 9 
show that during the first two weeks 
significantly greater live weights were 
attained on the 28, 30, and 32 per cent 
levels of protein than on those of 22, 24, 
and 26 per cent. For the first four weeks 
however, the live weights attained on 
the 32 per cent mixture were not sig- 
nificantly better than those obtained on 


TABLE 7 
SIGNIFICANCE OF DIFFERENCES IN 


SURVIVAL OF QUAIL ON VARIOUS 
PROTEIN LEVELS* 








Period for which com- 











Protein parison was made 
levels 
compared First First First 
2 weeks | 4 weeks | 10 weeks 
| 
28% and 22% |28>22S 28>228 28>228 





30% and 22% |30>228 30>22S 
32% and 22% 30>228 32>228 (32 >22 H 





*H —— significant (odds of at least 99 


S= Sienificant (odds of at least 19 to 1). 
No other differences show statistical sig- 
nificance. 


the 24 and 26 per cent levels. The gains 
in live weights from the 30 per cent feed 
were somewhat greater than those from 
that with 32 per cent of protein. The 
greatest gains, however, were made at 
the 28 per cent level. 

At the end of ten weeks the birds on 
the 22 per cent and 24 per cent levels of 
protein had caught up with the other 
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= 
we 
= 
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~ GROUP A-DIET WITH 22 PERCENT OF PROTEIN 
# oo a” ee 


AGE IN WEEKS 


Fig. 3. Rate of growth to 10 weeks 
(composite of 4 experiments). 


birds in weight. Only those on the 26 
and 32 per cent levels were significantly 
lower in weight than the birds on the 28 
per cent mixture. 

Analysis of all the data from the four 
experiments without regard to the type 
of diet fed indicated that approximately 
180 grams is the average live weight of 
this strain of bobwhite at maturity. 

Feed Consumption and Efficiency.— 
Tables 10 and 11 show that during the 
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Protein 
in diet 


TABLE 8 

EFFECT OF LEVEL OF PROTEIN 

INTAKE ON LIVE WEIGHT OF 
GROWING QUAIL 








At the end 
of 2 weeks 





Average live weight in grams 





At 


of 4 weeks 


At the end 
of 10 weeks 


the end 





92 |17.30+0.59 








41.19+1.47)142. 
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first two weeks the birds on the 22 per 
cent level of protein ate significantly 
less feed than those on any of the higher 
protein quotas. From then on the dif- 
ferences in feed consumption were not 


significant. 


TABLE 10 
EFFECT OF LEVEL OF PROTEIN IN- 






























































4 |19.61+0.48)45.67+1.20145.6+2.0 TAKE ON FEED CONSUMPTION 
26 Robie ets : etre 
5+0.46\52.16+1. 3t1. 
- 31 oF £0:46'50.31 +1.11]141.9+2.0  pyo. | Average quantity of feed consumed 
32 |21.88+0.45/47.62+1.04/137.741.5 tein in per bird per day (in grams) 
diet ; P : 
During During During 
TABLE 9 = first two first four first ten 
SIGNIF tata oe weeks weeks weeks 
BETWEEN L ) 
Or cHOWING QUAL [puoi Paina egieg 
; . 26 | 2.55+0.14) 4.52+0.36)10.3140.57 
ev Age at which comparison 28 | 2.80+0.14| 4.5340.36) 9.99+0.57 
protein was made 20 | 2.92+0.14) 4.59+0.36)10.30+0.57 
32 | 2.97+0.14) 4.72+0.36/10.03 +0.57 
compared | 9 weeks | 4 weeks | 10 weeks 
24% and 22% 24>22 H | 24>228 TABLE 11 
4G and 325 24>268 SIGNIFICANCE OF DIFFERENCES IN 
ah adummatid FEED CONSUMPTION ON VARIOUS 
26% and 22% | 26 >22 H | 26>22 H PROTEIN LEVELS 
28% ms 22% oe of Period for which — 
28% and 24% | 28 >2 > . . parison was made 
28% and 26% | 28>268 |28>26H|as>268 ‘Levels of protein |_ 
28% and 32% 28 >32 H |28>32H P First two First ten 
weeks weeks 
30% and 22% | 30>22 H | 30>22 H 
30% and 24% | 30>24 H | 30>24H 24% and 22% 24>2258 
30% and 26% | 30 >26 H 26% and 22% 26 >22 S— 26>22 8 
28% and 22% 28 >22 H 
32% and 22% | 32 >22 H | 32>22H 30% and 22% 30 >22 H 30>2258 
32% and 24% | 32>24H 32% and 22% 32 >22 H 
32% and 26% | 32>26 H 32% and 26% 32 >26 S 
TABLE 12 
EFFECT OF LEVEL OF PROTEIN INTAKE ON FEED EFFICIENCY 
Feed utilization during 
a ist & 2nd weeks 3rd & 4th weeks 5th & 6th weeks 7th & 8th weeks 9th & 10th weeks 
in in 
ber of feed of feed of feed of feed of feed 
r 
cnt Efficiency ‘ r Efficiency ¥ ear Efficiency " our Efficiency * per Efficiency . per 
gram of gram of gram of gram of gram of 
gain gain gain gain gain 
22 | .371+.033| 2.7 | .815+.085| 3.2 | .246+.030] 4.1 | .2594.021] 3.9 | .1414.009| 7.1 
24 | .367+ .033| 2.7 | .299+.035| 3.3 | .221+.030| 4.5 | .226+.021| 4.4 |.1074+.009| 9.3 
26 | 403+ .033| 2.5 | .332+.035} 3.0 | .204+ .030) 4.9 | .217+.021| 4.6 | .068+.009| 14.7 
28 | .402+ 033} 2.5 | .359+.035| 2.8 | .216+.030| 4.6 | .208+.021| 4.8 | .084+.009/ 11.9 
30 | .383+ .033] 2.6 | .3164+.035| 3.2 | .212+.030| 4.7 | .195+.021| 5.1 | .098+.009/ 10.2 
82 | 378+ .033| 2.6 | .290+.035| 3.4 | .213+.030| 4.7 | .1994.021| 5.0 | .091+.009/] 11.0 
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TABLE 13 


SIGNIFICANCE OF DIFFERENCES IN 
THE EFFICIENCY OF FEED UTILIZA- 


TION ON VARIOUS PROTEIN LEVELS 

















Period for which com- 
Levels of parison was made 
protein 
compared 7th and 8th | 9th and 10th 
weeks weeks 
22% and 24% 22>24 H 
22% and 25% 22>26 H 
22% and 28% 22>28 H 
22% and 30% 22>308S 22>30 H 
22% and 32% 22 >32 8 22>32 H 
24% and 26% 24>26 H 
30% and 26% 30>26 8 








EFFICIENCY OF FEED UTILIZATION, 


LIVE WEIGHT EXPRESSED AS PERCENTAGE OF MAXIMUM ATTAINABLE LIVE WEIGHT 




























































































10 20 n**) 40 50 60 70 60 90 100 


Fig. 4. Efficiency of feed utilization in the 
attainment of maximum live weight for bob- 
white quail. 





Tables 12 and 13, which pertain to 
the efficiency of feed utilization by the 
birds present a more interesting sity. 
tion. Up through the sixth week there 
was approximately the same efficiency 
of feed utilization at all six protein 
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Fig. 5. Variation in efficiency of food utiliza- 
tion in the four experiments. 


levels. During the seventh and eight 
weeks, birds on the 22 per cent mixture 
showed greater efficiency than those on 
either the 30 or 32 per cent. Finally, in 
the ninth and tenth weeks, protein fed 
at the lowest level was more efficient 
than at any of the higher levels. Figure 
4, based on the composite results from 
the four experiments, reveals that in the 
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attainment of maximum live weight, 
the diet containing 28 per cent protein 
had the highest efficiency of utilization, 
and that containing 22 per cent protein 
had the lowest. Unfortunately there is 
not perfect agreement among the four 
experiments regarding the efficiency of 
feed utilization, as shown in Figure 5; 
this, undoubtedly, is partly a result of 
the high mortality in some groups. 

The average efficiency of feed utiliza- 
tion in the bobwhite throughout the 
first ten weeks, regardless of the per 
cent of protein in the diet, was found to 
be approximately 0.1913. In other 
words, about 5.23 grams of feed were 
required on an average during the first 
ten weeks to increase the weight of a 
quail chick by one gram. 


SuMMARY AND CONCLUSION 


During the summer and fall of 1939 
four experiments were conducted at the 
Patuxent Research Refuge, Bowie, 
Maryland, to determine the protein re- 
quirements of bobwhite chicks. A total 
of 816 chicks were used to compare six 
levels of protein, namely, 22, 24, 26, 28, 
30, and 32 per cent. 

From the three standpoints of sur- 
vival, rate of growth, and efficiency of 
feed utilization for the first ten weeks of 
life, the 28 per cent level of protein gave 
the best results. During the ninth and 
tenth weeks, the highest efficiency of 
feed utilization was obtained on the 22 


per cent level. The results indicate that 
after the birds have reached about two- 
thirds of their mature weight, the differ- 
ence in efficiency between a diet con- 
taining 28 per cent of protein and one 
containing 22 per cent may be small 
enough to justify, in the interest of 
economy, the use of a diet containing 
the lower percentage of protein. 
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PLANT PATHOLOGY IN RELATION TO NORTHEASTERY 
FOREST WILDLIFE COVER 


John Pearce and Perley Spaulding 


Diseases of woody plants have a di- 
rect bearing on the problem of estab- 
lishing wildlife food and cover plants. If 
planting and other improvement opera- 
tions are made without due regard for 
the role of injurious fungi, the results of 
such work may be seriously impaired. 
Most parasitic diseases of trees and 
shrubs are not destructive enough to 
cause serious interference with fruit 
production and protective cover growth 
but a few may inflict severe damage. 
This paper points out the significance of 
some common diseases of northeastern 
trees and shrubs that are used in wild- 
life management. 

Knowledge of the relationships be- 
tween fungi and their host plants and of 
their influence on wildlife food and cover 
plants is useful in several ways. Such 
information aids in planning timber 
stand improvement or other cultural 
operations which the wildlife manager 
may wish to undertake. These prac- 
tices, as well as planting wildlife cover 
or improving that already existing, 
should not ignore the fact that, without 
some care, susceptible host plants or the 
alternate host of a destructive rust may 
unwittingly be planted or favored. An 
illustration of such a case would be the 
use of white pine for winter cover on an 
area stocked with wild currants, thereby 
incurring probable loss of the pines by 
the white pine blister rust. Another con- 
sideration makes advisable some knowl- 
edge of diseases affecting plants used in 
wildlife management. An increasing 
number of small private owners are de- 
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veloping wildlife cover, and the disease 
factor may become quite important at 
times since many diseases of wild trees 
also attack closely related cultivated 
and ornamental varieties. If fruit or. 
chards or landscaped grounds adjoin 
the area under wildlife management, 
the technician or owner is under at least 
a moral obligation to avoid introducing 
diseases inimical to the plants already 
growing in that locality. This implies 
both care in the original planting and 
proper sanitary precautions to keep the 
plants on wildlife areas reasonably safe 
from destructive outbreaks of disease. 

The infectious diseases of trees in the 
northeast are caused principally by 
fungi and bacteria, but the former are 
responsible for most of the diseases con- 
sidered here. The wildlife manager is 
interested chiefly with the type of dam- 
age sustained by the plant, but a brief 
review of the kinds of organisms and 
their typical life histories is essential to 
an understanding of the injuries. Table 
1 lists the important diseases of the 
trees and shrubs of the northeast that 
appear to be of chief interest to him. 
Transmission of the parasitic organisms 
is usually direct from a diseased plant to 
its neighbors of the same kind by ati- 
mals or wind. Some fungi, however, 
have an indirect cycle involving life ina 
second and different intermediate 0 
alternate host before the first host spe 
cies can be attacked again. In genertl 
there are two distinct stages in the de 
velopment of a fungus: the vegetative 
stage preceding fruiting, and the rep! 
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TABLE 1 
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PRINCIPAL DESTRUCTIVE DISEASES OF FOREST TREES AND SHRUBS 
OF INTEREST TO NORTHEASTERN WILDLIFE TECHNICIANS 


The ratings of seriousness apply only to the host listed in lefthand column of that entry. 


x Causes retarded growth, injures appearance, or destroys less than 10 per cent of fruit. 
xx Kills trees occasionally or destroys up to 35 per cent of fruits locally. 
xx Kills trees or fruits generally, or is epidemic locally and likely to be distributed from 

diseased areas. 









































Rating 
Wildlife ' Some other hosts as to 
food or Cause of disease Type of disease of the parasite sert- 
cover plant ousness 
Abies bal- Pucciniastrum goep- Witches’ broom Vaccinium spp. x 
samea pertianum 
Bifusella faullii Premature needle- x 
cast 
Creonectria cucurbi- Girdling canker of x 
tula trunk and branches 
Rehmiellopsis bohe- Blight of needles Abies concolor x 
mica 
Acernegundo Drought and various Premature shedding Most Acer spp., espe- x 
leaf fungi of leaves cially A. saccharum 
A. plata- Phytophthora cacto- Bleeding basal can- Cornus florida, Acer xxx 
noides rum and P. cambi-_ ker spp., Fagus grandi- 
vora olia 
Aesculus Guignardia aesculi Midsummer dying of All Aesculus spp., es- x 
glabra leaves pecially A. hippocas- 
tanum 
Amelanchier Apiosporina collinsii Witches’ broom x 
spp. Gymnosporangium Rusts of leaves and Juniperus spp. XX 
spp. fruits causing defo- 
liation and destroy- 
ing fruits 
Aronia spp. Gymnosporangium Rust of leaves and Juniperus spp. x 
spp. fruits 
Berberis spp. Puccinia graminis Rust of leaves Cereals and grasses, x 
serious only on grain. 
Berberis thunbergii is 
resistant and is rec- 
ommended for plant- 
ing 
Betula spp. Nectria galligena Large trunk and Nearly all hardwood xx 
branch cankers timber trees. Betula 
lutea, B. lenta, and 
B. populifolia often 
killed 
Castanea Endothia parasitica Girdling canker XXX 
dentata 
Cornus Phytophthora cacto- Bleeding basal can- Acer spp. XXX 
florida rum ker 


Fagus grandifolia 
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TABLE 1—Continued 
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Wildlife g Rating 
ood or Cause of disease Type of disease ome other hosts a8 to 
de plant v ype of of the parasite seri- 
Ousness 
Crataegus Gymnosporangium Rust of fruits Juniperus spp. XxX 
spp. spp. 
Diospyros Cephalosporium sp. Wilt and death of XXX 
virginiana tree 
Elaeagnus Puccinia coronata Rust of leaves; more Avena sativa x 
argentea serious on _ oats 
nearby 
Fagus Nectria galligena Canker Most hardwood spe- x 
grandifolia cies 
Nectria coccinea Bark killing with in- Xxx 
sects 
Phytophthora cacto- Bleeding basal can- Acer spp., Cornus xxx 
torum ker florida 
Fraxinus Nectria sp. Canker XX 
nigra 
F. pennsyl- Puccinia peridermio- Rust of leaves and Certain grasses (Spar- x 
vanica spora distortion of twigs tina spp.) 
and petioles 
Juglans spp. Melanconis juglandis Unswollen canker XX 
and dieback 
Juniperus Gymnosporangium Slight swelling of Amelanchier spp., x 
communis spp. stems killing some Crataegus spp., Ma- 
lus spp., etc. 
Juniperus Gymnosporangium Cedar apple, witches’ Numerous Rosaceae; x 
virginiana spp. broom Amelanchier, Aronia, 
Crataegus, Cydonia, 
Malus, Pyrus, Sor- 
us 
Phomopsis junipero- Dieback, blight Cupressus, Thuja, XX 
vora Chamaecyparis 
Larix laricina Dasyscypha willkom- Swollen canker Resistant Larix lepto- xxx 
mii lepis is recommended 
for planting instead 
of L. europea 
Liriodendron Nectria sp. Unswollen canker Kills overtopped trees xx 
tulipifera 
Malus spp. Gymnosporangium Rust of leaves and Juniperus spp. XX 
spp. fruits ; 
Bacillus amylovorus __ Blight, canker Pyrus communis es- Xxx 
Dy J 
Nectria galligena Canker any hardwood for- x 
est trees 
Morus spp. Bacterium mori Leaf spot and blight XX 
Myrica gale Cronartium compto- Rust of leaves, flow- 2-and 3-needled pines x 
niae ers and fruits 
Picea spp. Chrysomyxa pyrolae Rust and death of Pyrola spp. and Mo- x 
cones neses spp. 
Lophodermium piceae Needle-cast x 
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TABLE 1—Continued 
- sictnancmasnreati 
; Rating 
Wildlife ; . Some other hosts as to 
‘ood or Cause of disease Type of disease of the parasite poe J 
cover plan ousness 
Pinus bank- Cronartium compto- Blister rust on stems Myrica spp.; 2- and xx 
jana niae ; a and branches 3-needle pines 
P nigra Sphaeropsis ellisii Blight Frequent on P. nigra x 
p resinosa 4 Lophodermium pinas- Needle-cast P. resinosais very sus- x 
7 tri oo ; ceptible 
P. strobus Cronartium ribicola Blister rust of stems Ribes spp. and most xxx 
‘ 5 leaved pines 
Platanus Gnomonia veneta Wilt and dieback Quercus spp. x 
occidentalis 
P oeciden- Ceratostomella sp. Deadly trunk canker P. occidentalis occa- xxx 
talis Xori- sionally 
entalis (P. 
acerifolia) 
ed tea 
Populus del- Dothichiza populea Canker and dieback Most Populus species xx 
toides ; 
; Cytospora chryso- Canker and dieback All poplars and wil- x 
sperma lows 
P. tremu- Hypoxylon pruinatum Black canker of Serious on this host XX 
loides trunk 
Prunus spp. Sclerotinia spp. Fruit rot and die- Destructive to culti- xx 
(Plums and back vated varieties and 
cherries) P. virginiana 
Dibotryon morbosa Black knot of trunks P. virginiana, P. pen- xx 
and branches sylvanica, P. ameri- 
cana are heavily at- 
tacked 
Taphrina spp. Fruits are much On wild and culti- x 
swollen and die pre- vated species 
maturely 
X disease (virus) Leaves turn red and PP. virginiana and xx 
yellow prematurely peach 
Quercus spp. Strumella coryneoidea Large swollen trunk Xx 
canker 
Gnomonia veneta Blight and dieback Platanus occidentalis * 
Rhamnus Puccinia coronata * 
cathartica See Eleagnus commu- 
tata 
Ribes spp. Cronartium ribicola Rust of leaves Pinus strobus and x 
most other 5-needle 
pines 
Rosa spp. Cryptosporella um- Canker and dieback XX 
brina 
Coniothyrium fuckelii Canker and dieback XX 
Salix spp. Fusicladium saliciper- Scab; serious leaf Attacks serious on xxx 
dum blight and death of Salix alba var. vitel- 
trees lina, S. cordata and 
S. fragilis 
Physalospora miya- Dieback of sprouts Same 3 species XX 
.beana 
Shepherdia Puccinia coronata = 
canadensis 
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TaBLE 1—Continued 
Wildlife Rating 
food or Cause of disease Type of disease “73 other hosts qg to 
cover plant € parasite Seri- 
OUusness 
Solanum May be affected by a x 
dulcamara number of diseases 
which are serious on 
potato. Not seriously 
affected itself 
Sorbus Subject to several ap- x 
americana ple diseases 
Parasite unknown Rough stem canker xx 
Thuja occi- Phomopsis junipero- Blight, dieback All species commonly xx 
dentalis vora known as cedars 
Tsuga cana- Melamspora abietis- Rust of cones and Populus spp. x 
densis canadensis twigs 
Ulmus spp.  Ceratostomella Wilt and death of Attacks all hardy spe- xxx 


(Graphium) ulmi 
(Dutch elm disease) 


tree 


cies of Ulmus 





Vaccinium 
spp. 


Pucciniastrum goep- 
pertianum 


Witches’ broom 


Abies spp. 








ductive stage in which the fruiting bod- 
ies and spores are developed to begin a 
new generation. Detailed accounts of 
specific diseases are given in works by 
Boyce (1938), Hansbrough (1936;1938), 
Spaulding (1936), Spaulding and Hans- 
brough (1932), and Walter (1940). 
The principal types of damage by 
disease to food and cover plants that 
concern the wildlife manager are: 


Black knot: black, warty, much swollen 
growth on a branch or trunk, usually 3 to 12 
inches long; on various species of plum and 
cherry. 

Blight: sudden death of leaves, flowers, 
and young twigs; sometimes confused with 
effects of late spring frosts. 

Canker: areas of dead bark extending 
partly or entirely around woody stems and 
branches; often, but not always, accompanied 
by swollen callus on the edges (Pl. 14, E, F). 

Dieback: dying of twigs and branches from 
the tip backward; often gradual and usually 
involves wood that is several years old (PI. 
14, B). 

Distortion: abnormal form of any part. 


Needle-cast: premature shedding of needles 
by conifers. 

Rust: so-called from the yellow, orange, or 
brown spore masses, usually very abundant; 
masses gelatinous with cedar apples (Gymno- 
sporangium spp.) on juniper, but most other 
rusts are powdery (PI. 14, D). 

Wilt: early stage of death of leaves be- 
cause of deficient water supply; may be 
caused by fungous action inhibiting the free 
transmission of water in the plant (Pl. 14, A). 

Witches’-broom: abnormally dense clusters 
of twigs, often excessively long and usually 
upright (Pl. 14, C). 


The following remarks on some of the 
diseases listed will make their signif- 
cance clearer. 

The Rehmiellopsis fir needle-blight is 
prevalent on Abies concolor in this re 
gion. What is apparently the same fun- 
gus is known on A. balsamea in Ontario 
and is epidemic on the same species it 
northern Maine. The disease greatly 
resembles late, spring frost injury. Its 
seriousness is still uncertain. 
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All of the rust diseases considered 
are alternate-host species. Those caused 
by Gymnosporangium spp. destroy the 
fruits of food plants where attacks are 
very heavy. The blister rusts caused by 
Cronartium spp. kill pines, thus de- 
creasing cover to some extent. The 
growing of Ribes is forbidden in some 
areas because of white-pine blister-rust. 
Most other rusts in the genera Chryso- 
myxa, Melampsora, Puccinia, and Puc- 
ciniastrum are destructive to their 
alternate hosts rather than to the food 
or cover plants. Destructive attacks by 
all of the rusts mentioned can be 
avoided by keeping their alternate 
hosts well separated (Boyce, 1938; 
Stewart, 1906; Spaulding and Hans- 
brough, 1932). 

In Prince Edward Island, Nova Sco- 
tia, and New Brunswick a serious dis- 
ease of beech, present for a number of 
years, has killed many older trees. The 
disease has spread into various parts of 
Maine. Extensive patches of living bark 
are killed, leading to the death of the 
entire tree. It appears to be caused by 
the joint action of a scale insect (Cryp- 
lococcus fagz) and a fungus (Nectria coc- 
cinea). The insect is much more wide- 
spread than the fungus. Neither one 
alone seems to kill trees, but the two 
working together become deadly. Brown 
(1936) has given the range of the insect 
and Ehrlich (1934) the range of the 
fungus. Since then the fungus has been 
found in northern Maine as far as Pat- 
ten. On a long-time basis, too much de- 
pendence ought not to be placed on any 
beech species in that general region. 

A disease of the virus type (X dis- 
ease) has been found in the last few 
years to be killing peach and choke- 
cherry trees. It has been reported on 


both eastern and western choke cher- 
ries (Prunus virginiana, P. demissa) but 
apparently does not attack black cherry 
(P. serotina) or fire cherry (P. pennsyl- 
vanica). It seems to become especially 
intense in peach-growing districts. The 
leaves assume a yellow to reddish color 
in early summer. This disease endan- 
gers dependence on the chokecherry as 
a food plant in peach-growing sections. 

It will be advantageous in some cases 
to plant resistant species or varieties 
instead of very susceptible ones. The 
resistant Japanese larch should be 
planted rather than the European larch, 
which is especially susceptible to the 
European larch canker. The rust-resist- 
ant Berberis thunbergii should be used 
rather than B. vulgaris. In the absence 
of a blight-resistant strain of chestnut 
(Castanea dentata), the Japanese form or 
hybrids have been used to some extent. 
These have not always proved hardy in 
the northeast. The recurrence of fruit- 
ing root sprouts from blighted chest- 
nuts suggests the possibility of this tree 
eventually surviving extinction. Per- 
haps no other native tree was of such 
value to wildlife, so that every oppor- 
tunity to observe its success against the 
blight should be noted. Numerous 
sprouts may fruit in certain localities, 
but there is still no indication that these 
plants can resist the disease. 

Use of locally-grown stock is fre- 
quently essential. This is desirable with 
Juniperus virginiana as stock in some 
nurseries has been exposed to infection 
by the dieback fungus. Serious basal 
canker (Phytophthora) is known on sev- 
eral species of Acer, on Cornus florida, 
and on Fagus grandifolia along the 
coastal region in Massachusetts, Rhode 
Island, New York, and New Jersey 
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(Welch, 1938). Two species of Phytoph- 
thora are involved, both widely dis- 
tributed and known to attack a number 
of different trees. They may live indefi- 
nitely in the soil and should not be in- 
troduced into areas not yet known to be 
infected. London plane tree (Platanus 
acertfolia) in numerous localities from 
Newark, New Jersey, westward and 
southward has a deadly canker and 
wood-staining disease. Native syca- 
more (P. occidentalis) also is affected. 
Planting stock should be of local origin 
(Walter, 1940). The Dutch elm disease 
makes it inadvisable to plant elm for 
wildlife cover; all available hardy spe- 
cies are susceptible (May, 1938). The 
deadly wilt disease of persimmon (Dio- 
spyros virginiana), occurring from North 
Carolina and Tennessee southward 
makes the use of this desirable food 
plant risky (Crandall, 1940). Some of 
these diseases are not known in the 
northeast and it is important not to 
bring plants bearing them into the area. 
The large cankers caused by Nectria, 
Strumella, and Hypoxylon can be re- 
duced in number by removal of can- 
kered trees where timber stand improve- 
ment operations are carried on in 
multiple-use units. Where a certain spe- 
cies is heavily cankered, other species 
that are better adapted to that site may 
be favored (Spaulding 1936, 1938). 
The native plants of a given area have 
become adapted to their environment, 
including the endemic diseases, through 
long periods of time. Some are limited 
to habitats of specific soil types and 
climatic conditions, and will not thrive 
under even slightly different conditions. 
In general; cultivated plants have be- 
come adapted to a wider range of en- 
vironments, and in many instances va- 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 6, No. 3, Juty 1942 


rieties of known adaptability are ayajj. 
able. The transfer of a native plant from 
its home environment to one in which it 
does not grow naturally, even though 
but a short distance away, makes that 
plant as truly an exotic in its new habj. 
tat as though it had been moved thoy. 
sands of miles. Hence there is often dif. 
ficulty in introducing desirable plants 
on sites beyond their natural range. Dig. 
ease may become a decisive factor in 
such cases (Hansbrough, 1936). In gen. 
eral, planting stock ought not to be 
transported more than 100 miles with. 
out expert advice by a competent po- 
thologist. Because of great local varia. 
tions, especially in climate, strictly local 
planting stock is preferable. Better yet, 
the raising of stock from seed, or the 
planting of seed in situ, greatly reduces 
the danger of introducing a disease 
which was previously unknown in that 
locality (Spaulding and Hartley, 1916). 
It is much better to avoid outbreaks of 
disease than to attempt control of such 
outbreaks after they have become de 
structive. 

Vigorous growth is desirable in trans- 
planted stock, as slow, weak growth is 
apt to induce attacks by weakly para- 
sitic fungi, unable to establish them- 
selves on thrifty plants (Hansbrough, 
1936). 

Mixed stands of plants are preferable 
to large, pure stands, since the decims- 
tion or elimination of one species by dis- 
ease will not wreck the entire stand. For 
the same reason, where stock is propa- 
gated vegetatively there is more danger 
in the use of single than mixed clones 
(Hartley, 1939). 

To present the true relation of forest 
fungi to wildlife, mention must be made 
of benefits accruing to animals and 








reduces 
disease 
in that 
, 1916). 
eaks of 
of such 


danger 
clones 


forest 





a 





RNAL OF WILDLIFE MANAGEMENT, VOL. 6, No. 3, Juty 1942 PLATE 14 


Some types of damage to wildlife food and cover plants. A. Wilting, the leaves are still 
green. B. Dieback of oak branch. C. Witches’-broom of high-bush blueberry. D. Blister-rust 
of young pitch pine. KE. Black canker of quaking aspen. F. Nectria cankers on sweet birch. 
Aand F photographed by Rush P. Marshall; D and E by H. G. Eno. 
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birds from them. A number of the 
fleshy mushrooms are commonly eaten 
and even stored for consumption, es- 
pecially by squirrels. Several species of 
mammals feed on diseased plant tissues. 
Several rodents, red squirrels particu- 
larly, feed on the diseased but still liv- 
ing bark around the edges of white-pine 
blister-rust cankers. This is discussed at 
length by Mielke (1935). Fallen tree 
trunks hollowed by heart-rotting fungi 
are much used by many wildlife species. 
Large standing trees, hollowed by fun- 
gous action, are invaluable homes for 
raccoons, squirrels, and large owls and 
woodpeckers are likely to choose heart- 
rotted trees for their nesting cavities. 
Dead trees and stubs with wood sof- 
tened by decay furnish nesting sites for 
chickadees, bluebirds, starlings, wrens, 
and nuthatches. Much insect food is 
harvested from dead and dying trees by 
woodpeckers, creepers, and nuthatches. 
Fallen trees often make favorite cover 
for many forest inhabitants. 
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BODY WEIGHT AND SEX RATIO 
OF COTTONTAIL RABBITS! 


William H. Elder and Lyle K. Sowls 


There is little published information 
on the body weights of cottontail rab- 
bits. Standard texts give a few individ- 
ual weights or averages lumping both 
sexes together. Seton (1), Bailey (2), 
Green (3), Hickie (4), Leopold (5), and 
Dalke (6) give average figures, but they 
either lump the two sexes or do not 
separate the data by months, so that no 
analysis of their data is possible. Al- 
len’s (7) thorough study failed to reveal 
any significant difference between the 
weights of males and females trapped 
during December and January. Trip- 
pensee (8) states, “Aside from the 
slightly smaller body weights of males, 
and the differences already described, 
there are no distinguishable differences 
between the sexes.”” This suggests that 
there is a constant difference between 
the weights of the two sexes. Allen 
pointed out that the heaviest rabbit he 
examined was a female of 1,899 grams, 
and that of the four rabbits he caught 
which weighed more than 1,800 grams. 
three were females. 

To determine whether or not the ap- 
parent difference between the weights 
of male and female cottontail rabbits is 


' Acknowledgement is made to the Civilian 
Conservation Corps and to W. S. Feeney and 
T. Sperry of the National Park Service staff 
at SP-14, Madison, Wisconsin, for help in 
capturing the rabbits; to Professor Aldo 
Leopold of the Department of Wildlife 
Management, and Professor R. K. Meyer of 
the Zoology Department for general super- 
vision, and to Professor Arthur B. Chapman 
of the Genetics Department for advice and 
aid in the statistical treatment of the data. 


a real (statistically significant) differ- 
ence, we autopsied 398 rabbits collected 
by shooting and trapping from the re- 
gion about Madison, Wisconsin. We 
caught eleven animals over 1,500 grams 
and they were all females. Our heaviest 
male weighed 1,470 grams. Figure 1 
shows the distribution of the weights of 
the rabbits that we studied. The largest 
number of both sexes weighed between 
1,100 and 1,200 grams (about 23 lbs.), 
but there was a preponderance of fe- 
males in the heavier weight classes. 
Thus both Allen’s and our own data 
strengthen Trippensee’s assumption 
that females are heavier than males. 

It was necessary to exclude all preg- 
nant females and juveniles in the statis- 
tical treatment of our data because the 
differences we wished to determine were 
those between adult animals without 
the weights of embryos and placentas. 
Only 228 of the 398 rabbits examined 
are therefore included in the analysis of 
body weights; pregnant females were 
excluded at autopsy. We learned that 
juveniles could not be distinguished 
from adults by body weights alone, 
since some juvenile rabbits already 
weigh more than 1,000 grams (23 lbs.) 
by August, and many adults, even dur- 
ing the active breeding season in spring, 
weigh less than 1,000 grams. In the 
early fall, the much larger testes of 
adult males easily distinguish them 
from males of the year. As the fall pro- 
gresses, the size of the testes of the 
adults decreases rapidly, but the testes 
of immature rabbits gradually increase 
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Weight ‘in Grams 
Fig. 1. Frequency distribution of weights of 228 adult cottontails. 


until neither their size nor their weight 
can longer be used to separate the two 
age groups. The flaccid appearance of 
the shrinking testes in adults, however, 
is a criterion to distinguish them from 
those of the immature males with tur- 
gid testes. The presence of placental 
sites in the uteri of females was found 
to be a distinguishing criterion of adult 
rabbits. Beule (9), has shown that ani- 
mals of the year do not breed, and 
our evidence confirms his finding. In 
early fall the placental sites appear as 
thickened, whitish areas one centimeter 
in length. As the fall progresses, these 
are gradually resorbed and become less 
apparent; by December they appear as 
translucent areas only three millimeters 
in length, best seen by transmitted light. 
By use of these criteria all immature 





animals were distinguished, and ex- 
cluded from the following statistical 
analysis. 


VARIATION IN Bopy WEIGHTS 


We employed the analysis of variance 
procedure to determine whether or not 
there was significance in the apparent 
weight difference (1) between males and 
females; (2) from month to month when 
both sexes were lumped together; and 
(3) resulting from the interaction of the 
two factors of sex and month. The re 
sults of these analyses were as follows. 


F for 
Calcu- _proba- 
lated F bility of 
0.01 


Differences between sexes 10.11 6.73 
Differences between months 4.86 2.73 
Interaction, Months: Sexes 3.74 2.73 
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The greater calculated F values as 
compared with the F values? for a prob- 
ability of 0.01 (that the difference could 
be due to chance alone once in 100 
times) indicate real differences in weight 
(1) between male and female rabbits, 
and (2) between the months, but (3) 
the difference between the sexes is not 
constant from month to month. The 
last conclusion is indicated by the dif- 
ferences between the F values for the 
month and sex interaction. This was 
due to a differential weight change in 
the two sexes. 


monthly weights of either sex in the 
fall. The figures in Table 1 show no 
significant difference between average 
monthly weights of females; for males 
there was a significant difference be- 
tween January specimens as compared 
with those of March or April. 

There is a progressive loss in average 
weights of male rabbits in late winter 
and early spring; females show a 
monthly decrement paralleling that of 
the males, but it is not statistically sig- 
nificant. This difference between the 
sexes might be expected, because Traut- 


TABLE 1 
ANALYSIS OF WEIGHT DIFFERENCES BETWEEN MONTHS BY THE T TEST 














Males Females 
Months 66g) 6649) 
= t’”’ for Prob. ee t”’ for Prob. 
Cale. “t of 0.01 Cale. “t of 0.01 

Jan.—Feb. .90 2.69 1.70 2.75 
Jan.—March 3.23 2.60 1.09 2.67 
Jan.—April 5.27 2.72 1.32 2.81 
March-April 2.76 2.69 0.13 2.72 





To find out when this occurred, we 
used the “‘t’’ test? and compared the 
weights for each sex separately of one 
month with those of a later month. The 
results of this are given in Table 1. 
The larger size of the calculated “t’’ 
value as compared to the 0.01 probabil- 
ity “t” value indicates a significant dif- 
ference between two averages. There 
was no difference between the average 


? The probability of a difference of the size 
observed (or larger) occurring by chance 
alone can be estimated by calculating the 
statistic “F” for which known probabilities 
are given in Snedecor (10). 

*The probability of a chance difference 
occurring between two groups can be esti- 
mated by calculating the statistic “t,” for 
which known probabilities are given in 
Snedecor (10). 


man in Trippensee (8), Gerstell (11), 
and Allen (7) all agree that females 
show a much greater tendency to hole 
up in winter than do males. Since Leo- 
pold (5) has classified Madison in the 
“holing up zone,” it seems probable 
that the greater weight loss in the males 
is a result of the increased activity or 
exposure of the more mobile males to in- 
clement weather through the winter 
months, or, more probably, to a combi- 
nation of the two factors. 


Sex Ratio 


The sex ratio was 52 males to 48 fe- 
males among the 398 rabbits examined 
by us. Table 2 compares our findings 
with those of other authors. 

Statistical analysis shows that there 
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TABLE 2 
SEX RATIO IN COTTONTAIL RABBITS 











Reported by “——* a How obtained 
Trippensee (8) 216 57:43 Trapped 
Pirnie in Trippensee (8) 56 60:40 Shot 
Trautman in Trippensee (8) 391 42:58 Ferret 
Gerstell (11) 6,394 49:51 Trapped in west 
Gerstell (11) 878 79:21 Shot 
Allen (7) 476 51:49 All methods 
Present authors 398 52:48 Trapped and shot 





is no significant difference between the 
ratio found by us and those found by 
Allen and Trippensee and by Gerstell in 
the rabbits he obtained from the west. 
There is, however, a significant differ- 
ence between our ratio and that of 
Trautman based on the use of ferrets, 
or that of Pirnie and Gerstell in rabbits 
procured by shooting alone. It seems 
likely that when a large sample is avail- 
able, such as the 6,394 sexed by Ger- 
stell, or when several methods of ob- 
taining the animals are used, the sex 
ratio is nearly even. When the sample 
is small or only one method of capture 
is used, the sex ratio is biased. Thus 
when the animals are taken either by 
shooting or trapping alone in the win- 
ter, there is a preponderance of males, 
while in animals ferreted from holes a 
preponderance of females is found. 


SUMMARY 


Female cottontail rabbits average 
significantly heavier than males. All of 
our rabbits which weighed over 1,500 
grams were females. The heaviest male 
weighed 1,470 grams. The most typical 
weight class for rabbits we secured was 
1,100—1,200 grams, or about 23 pounds. 

Male rabbits lose weight significantly 
in the late winter and early spring 
months, but females do not. This can 


perhaps be attributed to the “holing. 
up” tendency of the females which may 
retard weight loss. 

Juvenile animals cannot be distip. 
guished from adults by weight alone. 
Juvenile males can be distinguished 
from adult males by the turgid appear. 
ance of their testes compared to the 
flaccid state of those of the adults, 
Adult females have placental sites in 
their uteri, but juvenile females do not. 
The age of both sexes can be deter- 
mined at autopsy in the fall and early 
winter. 

The sex ratio of wild cottontail rab- 
bits is probably nearly even. Disparity 
in published results seems traceable to 
the methods of capture. 
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ARTIFICIAL AIDS IN PRODUCING 


A FARM FUR CROP 
Emmett B. Polderboer 


Observations on farm lands in north- 
eastern Iowa disclosed that skunks and 
minks often left signs of habitation in 
certain small wasteland localities but 
failed to stay permanently throughout 
the year. Hanging bogs, seepage draws, 





Fig. 1. Culvert pipe den suitable for skunks 
and minks. 


and grassy dry runs, one to five acres in 
area, often were used at times in the 
spring and early summer by these fur 
bearers, but had no resident population 
in the fall, even when such areas were 
not mowed and were left undisturbed 
by grazing livestock. 

The temporary dens were preempted 
burrows of the pocket gopher (Geomys 
bursarius) or Franklin’s ground squirrel 
(Citellus franklint), and usually were 
deserted after a short period of occupa- 
tion because of molestation by dogs 
that frequently hunted over these 
places. Food conditions appeared to be 
ideal but good dens and refuge places 
were evidently lacking. 

In other similar habitats where piles 
of junk, stumps, or rocks were availa- 
ble, or road culverts were nearby, 
striped skunks (Mephitis mesomelis 
avia), spotted skunks (Spilogale inter- 
rupta), minks (Mustela vison), and 
weasels (Mustela frenata) remained per- 
manently. In one instance three large 
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willow trees near a hanging bog seryej 
as refuges and den sites of minks {o 
three years in succession, but when rp 
moved the minks no longer staye 
permanently in the bog. 

In 1933 and 1934 the writer procure 
three discarded rusty steel culver 
pipes, removed from road beds, and 
buried them separately at a depth o 
ten inches in dry locations at the edge 
of seepage areas. Rolls of junk, barbed 
wire, and boulders were placed about 
the ends of the pipes in such a way that 
openings approximately six inches jp 
diameter led to them (Fig. 1). The re. 
sults were gratifying. At one ares, 
minks used the culvert den all year 
round for the four-year period that it 
was under observation. The other two 
culvert dens were inhabited by skunks 
for four years following their install: 
tion and during one year a mink lived 
in one of them through the spring and 
summer. Fall trapping at these place 
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Fig. 2. Tiles and a milk can make a good 
den from waste materials that are available 
on most farms. 


yielded mink, weasel, striped and sp0t- 
ted skunk pelts that raised the average 
value of the catch (based on aversg? 
fur prices, 1935-1938) on each section 
of farm land five dollars a season greate! 
than in years previous to the use of a 
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A1ps To Farm Fur Crorp—Polderboer 


tificial dens. This is approximately the 
rental value of an acre of good corn- 
producing ground. Later heavy pastur- 
ing of one of the seepage areas affected 
the productivity of one den through 
destruction of the cover grasses and re- 
duction of the mouse population. 

During the summer of 1936 additional 
dens were made along weedy dry runs 
and seepages in the locality. Since no 
more culvert pipes were then available 
old milk cans and six-inch drain tiles 
(Fig. 2) were used. Six to eight tiles 
were placed so that they led to the 
opening of the can which was buried to 
a depth of ten inches. The entrance to 
the tiles was banked with boulders to 
prevent digging by dogs or clogging by 
the trampling of livestock. Striped and 
spotted skunks utilized these dens ex- 
tensively and those located near drain- 
age ditches were also inhabited through- 
out the year by minks. In one instance, 
where ten inch tiles were used a raccoon 
(Procyon lotor lotor) frequented the den 
during the summer. 

On some farms where large gullies oc- 
curred, stumps, auto bodies, rolls of 
wire, and boulders were deposited in the 
gullies. Such material is often left in 
farm groves near buildings where it is 
not so likely to attract fur animals. 
When placed in gullies in the fields at 
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some distance from the buildings, these 
junk heaps help to stop erosion in addi- 
tion to providing dens that are excellent 
refuges from dogs. The writer has found 
them extensively used by cottontail 
rabbits (Sylvilagus floridanus mearnsi), 
spotted and striped skunks, weasels, 
and minks. Opossums and raccoons 
also used them to a lesser extent. 


SUMMARY 


1. The seepage areas, hanging bogs, 
and waste lands on northeastern Iowa 
farms often lack good den sites and pro- 
tection from dogs when other conditions 
are favorable for resident fur animals. 

2. Old road culverts, tiles, and milk 
cans may be used to make artificial 
dens. When well located and protected 
from molestation by dogs and tram- 
pling by livestock, these encourage resi- 
dence of fur bearers, notably skunks 
and minks, during all seasons of the 
year. 

3. The value of furs taken on the av- 
erage section of Iowa farm land where 
artificial dens were located increased as 
much as $5.00 a year over that of previ- 
ous years. 

4. Large junk piles placed in gullies 
helped to check erosion and provided 
refuges utilized by valuable fur bearers 
and cottontail rabbits. 


Emmet B. Polderboer 








SURVEY OF WINTER DEER RANGE, MALHEUR 
NATIONAL FOREST, OREGON! 


Oliver T. Edwards 


The deer winter range survey con- 
ducted on the Malheur National Forest 
during the seasons of 1937 and 1938 de- 
veloped from random and incomplete 
investigations made by different agen- 
cies prior to 1937. The previous work 
indicated that serious overpopulation 
of deer was developing and that a gen- 
eral survey of the entire winter range 
was necessary to determine the limits 
and extent of the damage and to seek 
remedies for the situation. 

Several factors contributed to the 
overpopulation. A strong public senti- 
ment favoring game conservation, a se- 
ries of favorable seasons, and close con- 
trol of predators all affected increase of 
the deer population. 


THE PROBLEM 


The Malheur National Forest in 
northeastern Oregon, principally Grant 
and Harney Counties, contains more 
than 1,300,000 acres and varies in ele- 
vation from 3,000 to 9,000 feet. Much of 
the area is above 5,000 feet elevation. 
The cover is ponderosa pine (Pinus 
ponderosa) and lodgepole pine (Pinus 
contorta), mixed with white firs (Abies 


1 Valuable contributions to this survey 
were made by the U. S. Biological Survey 
trapper, Winlock Hendricks, who had first- 
hand knowledge of the area for many years; 
A. V. Meyers, a biologist representing the 
Oregon Research Unit at Corvallis, Oregon, 
and under the direction of Arthur 8. Einar- 
sen, associate biologist in charge of the Unit; 
and many local stockmen and land owners. 
To these people most grateful acknowledg- 
ment is made. 


spp.) and western larch (Larix occiden. 
talis). The open timber contains many 
species of perennial grasses, weeds, and 
browse plants, including snowbrush 
(Ceanothus velutinus). At about the 
3,000-foot level the timber land gives 
way to a semi-desert country covered 
with annual and perennial grasses, big 
sagebrush (Artemisia tridentata), ew. 
leaf mountain-mahogany (Cercocarpus 
ledifolius). Sierra juniper (Juniperus 
occidentalis), and bitterbrush (Purshia 
tridentata). Interspersed along the wa- 
ter courses are aspen (Populus tremu- 
loides) and willows (Salix spp.). Service- 
berries (Amelanchier spp.) and bitter 
cherry (Prunus emarginata) occur in 
varying amounts. The greater part of 
the forest is grazed by livestock. 

The winters include many days of 
subzero weather and snow accumulates 
to depths of from one to six feet varying 
with the elevation. 

Mule deer (Odocoileus hemionus ma- 
crotis) inhabit the higher elevations in 
summer, but, as the winter snows ac- 
cumulate, they work down to the lower 
areas adjacent to farms and settle- 
ments. The farther down the drainage 
the deer are forced, the more restricted 
is the area they can use. This survey 
was made on these crowded areas. 

Since 1932 forest officials and stock- 
men have known that a serious prob- 
lem was developing in the Murderers 
Creek district because of excessive wil- 
ter use by mule deer. The animals were 
destroying the principal winter forage 
species and thereby endangering thelr 
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own future survival. By 1935 other 
greas were showing signs of damage, 
and random investigations conducted 
by the U.S. Forest Service, the Biologi- 
cal Survey, and the Oregon Game Com- 
mission all indicated the need of a more 
thorough study to determine the seri- 
ousness of the situation. 

The writer was assigned to the Mal- 
heur Forest in August 1937 and con- 
tinued the study until April 1939. 


OBJECTIVES OF SURVEY 


The objectives were to determine the 
following: (1) Extent and location of 
the deer winter ranges; (2) Forage sup- 
ply, its condition, and degree of utiliza- 
tion; (3) Existing mule-deer population; 
(4) Rate of increase and sex ratio; (5) 
Nature and extent of losses; (6) Physi- 
eal condition of deer and presence of 
disease or parasites; (7) Capacity of the 
range to support deer and its relative 
degree of stocking; (8) Effect of existing 
game refuges on the winter range; (9) 
Interrelationship of deer and domestic 
stock; and (10) Food habits, seasonal 
movements, predator influence, and 
other information on the life history of 
mule deer. 


METHODS OF SURVEY 


The reconnaissance was made by the 
strip-survey method whereby the men 
worked in pairs, each following a sepa- 
tate course. The courses were plotted on 
the map and were located so as to bring 
the entire area under observation. All 
deer seen were counted. Estimates were 
hot computed upon an area basis but 
from tracks and signs and the adapta- 
bility of the unseen areas for deer. Fig- 
ure 1 indicates the general plan followed 
in establishing range boundaries, locat- 


ing survey strips, and recording the lo- 
cation of deer seen. Figure 2 shows the 
form used to record game and range 
observations. 

Five district forest rangers, six short- 
term employees, and a cooperating bi- 
ologist formed the crew. All operations 
were supervised and directed by the 
author.’ 





Fig. 1. Sketch showing procedure in deter- 
mining range boundaries and making ob- 
servations. - * ‘route of Observer A;-—-, 
route of Observer B; O, observations by A; X, 
observations by B; ---, winter range 
boundary as determined by observers. 


SEASONAL MOVEMENTS AND 
MIGRATIONS 


Observations were made over a pe- 
riod of years by Forest Service employ- 
ees, ranchers, and sportsmen. The first 
noticeable drift away from the high 
summer ranges usually occurs between 


2 The total number of man days con- 
tributed by this staff was 134 and in addition 
CCC enrollees contributed 89 man days, 
making a grand total of 223 man days. Field 
work was carried on during the period, March 
1 to April 7, 1938. 
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Fig. 2. Form used by field men to record observations of deer numbers and forage condition. 
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October 15 and November 1. Other mi- 
grations start about the same time, but 
the rate of drift depends on food and 
snow conditions. There is some crossing 
of migration routes. The term winter 
range is somewhat misleading since the 
movement from the summer range con- 
tinues until February 1 to 15, when the 
deer are forced onto the concentration 
areas. There they remain until April 
1 to 15. Thus, through four months of 
winter, the deer are moving into an 
area that is occupied by the entire herd 
for only two months, and during a pe- 
riod that is really early spring. The 
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for winter range. This increased alti- 
tude also accounts for the marked mi- 
gration of deer from the southeastern 
part of the forest, southward across the 
main and south forks of the Malheur 
River (Fig. 3). South of these streams 
there is a vast arid region that normally 
has but little snowfall and is commonly 
spoken of as desert. The migrations 
into this area are indicated by arrows on 
the map but are not included in this 
study. 


Deer CENsus DaTA 


The deer population estimates are re- 


TABLE 1 
SUMMARY OF DEER CENSUS 
Estimated 
Locality Count Estimate deer 

capacity 
John Day River—North Side 6,886 16 ,200 10,800 
South Side 4,337 17 ,000 9,500 
Silvies River and area east to Malheur River Watershed 300 1,500 2,000 
Area west of Silvies River not covered by survey — 500 800 
Malheur River—Main Fork 191 800 1,000 
North Fork 224 1,200 1,000 
Crow Camp Hills 80 200 300 
Migratory Herd —_ 400 400 
Middle Fork John Day River not covered by survey — 200 200 
Totals 12,018 38 ,000 26 ,000 


term winter range is therefore applied to 
the area occupied after January 1 to 15 
and that portion of the winter range 
occupied during the period of greatest 
concentration is termed the concentra- 
tion area. 

The main direction of movement ap- 
pears to be from east to west. This 
probably is due to the fact that the 
only low altitude winter range available 
isalong the main and the south forks of 
the John Day River. The south side of 
the forest borders on a tableland that is 
uniformly about 1,000 feet higher with 
4 corresponding difference in forage and 
show conditions and hence less suitable 


garded as being very conservative. The 
estimated numbers were determined on 
the ground as each strip was surveyed 
and not by applying the strip count 
proportionally to the total area. The 
range capacities for deer are presented 
only to indicate the relative degree of 
stocking, i.e., to show whether the for- 
age supply is sufficient to support an in- 
creased number of deer, or demands a 
reduction of the herd. The estimates 
were based on the degree of forage utili- 
zation for each area. 

The strip or unit counts have been 
grouped by major watersheds in 
Table 1. 
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Fig. 3. Winter concentration area for deer on and adjacent to Malheur National Forest. 
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The area occupied by deer during the The above information is shown 
fairly mild season of 1937-38 was larger graphically in Figure 3. It was not pos 
than the normal concentration area, but sible to determine the number of deer 
the estimated carrying capacity given on these winter ranges that summer 
here is for the concentration area nor- outside the forest boundaries, but they 
mally used. were estimated at about 12,000 head. 
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Ratio oF ADULT TO 
YEARLING DEER 


The term yearling as here used refers 
to fawns born during the spring of 1937. 
During the survey 641 deer were defi- 
nitely determined as to age, 486 adults 
and 155 yearlings, a ratio of one year- 
ling to three adults. Differences in sex 
could not be determined accurately. Al- 
though this is a low percentage of year- 
lings, the figure is believed to be fairly 
reliable and probably indicates the in- 
fluence of the previous hard winter 
(1936-37) on the 1937 fawn crop. It is 
reasonable to assume that the number 
of fawns reared by undernourished and 
weakened does would be below normal. 
The best ranges had a ratio of approxi- 
mately one yearling to two adults. 

As no previous fawn-doe ratio counts 
had been made on this forest, there were 
no data directly indicating the percent- 
age of increase during past years. Con- 
sidering the heavy loss during the win- 
ter of 1936-37, the increase in the deer 
herd during the year 1937 was esti- 
mated at 10 per cent. 


BrowsE PLANTS AND Foop 
PREFERENCES 


The browse plants of primary impor- 
tance on this winter range are bitter- 
brush, curlleaf mountain-mahogany, 
snowbrush, and Sierra juniper. Bitter- 
brush is unquestionably the key species 
and provides a reliable range indicator. 
It is primarily a food plant but fur- 
nishes some cover. 

Mountain-mahogany is second in 
preference and importance. It is also an 
important cover plant, is utilized heav- 
ily, and frequently shows signs of dam- 
age when neighboring clumps of bitter- 


brush are in good condition. This seems 
to indicate higher preference for the 
plant, but the situation largely traces to 
its use as cover plus the fact that the 
annual growth is comparatively small 
and the species does not recover quickly 
from overutilization. 

Snowbrush is not eaten by livestock 
except as a starvation food, but it is 
highly palatable to mule deer and com- 
prises an important part of their diet. 
The concentration areas where the sur- 
vey was conducted lie largely below the 
Ceanothus zone, and although the figure 
given indicates the importance of the 
species during the concentration period, 
it does not indicate the much greater 
use of the plant during the early win- 
ter. 

Sierra juniper is widely used by deer 
but is unpalatable to livestock. It is im- 
portant as a reserve food supply on the 
concentration areas when the preferred 
browse has been consumed. It is also an 
important cover plant and consequently 
appears to be more palatable in com- 
parison with other species than is actu- 
ally the case. Like mountain-mahog- 
any, its annual growth is small and it 
recovers very slowly from damage. In 
the Food Habits Record (Table 2) the 
percentage of the total diet indicated 
for juniper is representative of only the 
concentration areas, but this should not 
be regarded as representing normal use 
since the main concentration areas are 
overstocked. 

A total of 40 different species of 
trees, shrubs, and herbaceous plants 
were found to furnish some winter food 
for deer. Many of them are listed only 
as being incidental items of diet, but 
they are frequently of great importance 
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in restricted areas where other foods are 
scarce. Under such conditions they may 
form the bulk of the food consumed. 
Considering the entire winter range, 
however, it is necessary to class them as 
incidental foods. 

The following list gives the most im- 
portant species in the order of their 
preference. 


side of the main John Day River were 

also in bad condition. Most of these” 
areas lie outside the national forest | 
boundary and are heavily used by do. | 
mestic livestock during the spring and 
fall seasons. Little evidence of overutilj. _ 
zation was indicated until 1932. In 1933 
browse conditions in Murderers Creek ” 
were reported to be serious. 


TABLE 2 
FOOD HABITS RECORD 


Common Name 


Bitterbrush 

Curlleaf mountain-mahogany 
Sierra juniper 

Rabbitbrush 

Big sagebrush 

Snowbrush 

All other species 


CoNDITION OF WINTER RANGE 


The country frequented by deer dur- 
ing the concentration period is charac- 
teristically grassland containing an 


abundance of bitterbrush and juniper, 
and bordered by mountain-mahogany 
thickets and coniferous timber (PI. 15). 
Ordinarily the deer are within a mile or 
two of either rough country or timber 


cover. 

The general condition of the areas is 
one of severe overutilization. During 
the winter of 1937-38 the weather was 
very mild and the deer herds were able 
to range widely over country not nor- 
mally used by them at that season. The 
browse supply, however, was generally 
overutilized in spite of the larger area 
used (PI. 15, A). Conditions on the vari- 
ous concentration areas are as follows: 

The valley of the South Fork of John 
Day River, notably Murderers Creek 
was the most seriously damaged, prin- 
cipally because it serves a larger sum- 
mer area, Canyon Creek and the north 


; Percentage of © 
Species total te, 


Purshia tridentata 
Cercocarpus ledifolius 
Juniperus occidentalis 
Chrysothamnus nauseosus 
Artemisia tridentata 
Ceanothus velutinus 


The peak of the population probably 
occurred in the fall of 1934. That winter © 
was severe and a large number of deer © 
died. The Myrtle Park Game Refuge, 7 
established in 1933, which borders the © 
Murderers Creek area on the south, © 
was opened to hunting the following 7 
fall (1935), but the number of deer re © 
moved had little effect on the popula | 
tion and additional losses occurred in 
1935-36, and the following winter, © 
1936-37. The browse supply in the™ 
meantime had been declining steadily, 7 

During the fall of 1936 forest officers 4 
estimated that the bitterbrush was pro | 
ducing only 10 to 30 per cent of its nor 
mal yield, and additional deer losses o¢- 
curred that winter. The browse line on 
the junipers had been raised six inches 
to a foot during the previous winter. 

In 1937 the area produced 10 per cent 
or less of its normal yield of browse. The 
bitterbrush was dead or dying, and the 
mountain mahogany and Sierra juniper 
were uniformly high-skirted, six to 
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A (upper).—General condition of browse near Murderers Creek. Sierra juniper high- 
skirted to 6 feet. Bitterbrush (foreground) dead and dying. Malheur National Forest, Thorn 
Butte, April 1! 


B (lower), Notional Forest Range in the Murderers Creek Basin. The uniformly high- 
skirted juniper and dead or dying bitterbrush is typical of conditions on practically all the 
winter deer range. The condition of the bunchgrass indicates that this portion of the range is 
conservatively used by livestock, and that bunchgrass is of little value to deer. Malheur 
National Forest, Timber Mountain, April 19388. 
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A (upper).—Typieal range condition in deer concentration area on north side of Johmy 
Day River. Note severe damage to bitterbrush and number of dead twigs; also barren condey 
tion of ground. Improved range management and game management are both essential 0% 
insure the future productivity of this area. Malheur National Forest, April 1938. § 

B (lower). Mountain mahogany showing bark eaten by deer. This type of injury was quiley 
widespread in the Murderers Creek area. Malheur National Forest, April 19° 
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seven feet. Even the pine reproduction 
showed a very definite browse line (PI. 
15, A). In spite of the mild winter of 
1937-38, the deer started gnawing the 
bark from the mountain-mahogany 
trees in their quest for food (PI. 16, B). 
This was not noted the preceding year, 
which indicates that the relative amount 
of available browse per deer was still 
declining. 

All of the areas were overpopulated, 
and the depletion stages of winter 
browse from bitterbrush to mahogany, 
to juniper, to conifers, were marked by 
various degrees of use. 


INTERRELATIONSHIP OF DoMESTIC 
GRAZING AND GAME PRODUCTION 


Most of the deer concentration areas 
lie outside the forest boundaries and 
are either privately owned or held un- 
der lease. These lands are of considera- 
ble value to the local livestock indus- 
try for spring and fall range. 

The one factor that definitely limits 
and determines the capacity of this re- 
giot. for deer habitation is the extent 
and condition of its winter ranges. On 
the national forest there is an abun- 
dance of summer game range, but the 
amount of range suitable for winter use 
iscomparatively small. The deer, there- 
fore, are forced to winter largely on 
land outside the forest during the con- 
centration period. A converse situation 
exists with respect to livestock. There is 
a distinct shortage of summer range for 
these domestic animals, and the sum- 
mer ranges on the forest are conse- 
quently of great value to the livestock 
industry. All of the winter ranges of 
game within the forest boundaries are 
included in summer livestock allot- 
ments. This domestic use influences to 
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some degree its game-carrying capacity. 

The summer food of sheep and cattle 
is mainly grass and weeds, but with the 
approach of fall and the drying up of 
the herbaceous vegetation the food 
preference for these herbs drops sharply 
and the sheep and cattle use browse in 
increasing quantities. This constitutes 
direct competition with the deer for for- 
age and reduces the carrying capacity 
of the area where winter game range is 
involved. If fall rains do not occur to 
start a new growth of grass, the use of 
browse species by livestock is increased. 

It has long been contended that the 
principal competition between deer and 
livestock was only on the concentration 
areas. This study indicates that the en- 
tire winter range where the deer spend 
three to four months of each winter is 
equally important. Deer cannot be ex- 
pected to survive the highly competi- 
tive conditions of the concentration 
areas if they have been poorly nour- 
ished during preceding months. There- 
fore, the welfare of the deer during the 
winter is dependent on the entire win- 
ter range. Competition between deer 
and livestock on this forest is found 
principally on cattle ranges. 

The Forest Service, to improve con- 
ditions on this range, shortened the 
grazing seasons and reduced the num- 
ber of permitted stock 35 per cent. 
This largely corrected overuse by do- 
mestic stock on the national forest 
lands. 

On the other hand, excessive num- 
bers of deer compete seriously for for- 
age on private lands and cause consid- 
erable loss to stockmen. The green 
growth of grass in the spring is fre- 
quently so heavily utilized by deer that 
the livestock must be kept on the feed 
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lots for an additional period if depend- 
ent upon the area for spring feed. It 
is apparent, therefore, that the present 
numbers of deer are detrimental to the 
private land owner and that corrective 
game management is as necessary as 
corrective range management. Efficient 
management is the only safeguard that 
will preserve the range for either game 
or domestic stock, and any attempt to 
benefit one solely by excluding the 
other is fundamentally unsound. 

The total exclusion of livestock would 
not stop the serious game damage now 
in progress on the most important con- 
centration areas because experimental 
plots from which cattle and sheep only 
are excluded show a marked overutili- 
zation of browse by deer. 


INSECT AND RopENT DAMAGE 
TO BROWSE SPECIES 


Observations of insect and rodent 
damage during the study were con- 
fined to bitterbrush, and it was appar- 
ent that this source of injury greatly 
influences the browse supply at times. 

Damage due to gall insects, scale in- 
sects, and the tent caterpillar (Malaco- 
soma fragilis) was found to be quite 
widespread and of considerable impor- 
tance. Healthy vigorous plants not 
subjected to overutilization by deer or 
livestock invariably showed a rapid 
recovery and the period of impaired 
productivity was relatively short. How- 
ever, on those areas where the bitter- 
brush was heavily overutilized by game 
or livestock or both and the individual 
plants were in a weakened condition; 


* The U. S. Bureau of Entomology and 
Plant Quarantine, Portland, Oregon, studied 
the effects of the tent caterpillar but results 
have not been published. 


the effect of insect injury appeared to be 
an important factor contributing to 
further decline in vigor and productiy. 
ity. 

Insect damage must be considered 
when attempting to balance range use 
and available forage. The safety may. 
gin of surplus forage should be suff. 
ciently great to allow for insect losses 
as well as extremely adverse weather 
conditions. 

Rodent damage was observed in scat- 
tered instances, and consisted of gird. 
ling the bushes beneath the snow. Sey- 
eral clumps of bitterbrush were com- 
pletely killed; under conditions of 
heavy rodent infestation it is possible 
that damage to this species would occur, 
Mice are thought to be responsible for 
this work, but the particular species was 
not determined. 


Mortality, PREDATORS, AND LiF 
History OBSERVATIONS 


The mortality in deer during the win- 
ter of 1937-38 was below the average, 
due it is believed to the mild weather. 
A total of 20 carcasses was found. In 
addition evidence of three kills by 
poachers was noted, and six cripples 
were seen. 

The predators observed plus those 
estimated from tracks during the sur- 
vey totalled 800 coyotes, 120 bobcats, 
and 2 cougar. Very little evidence of 
predatory activity was seen, although 
several kills by bobcats and coyotes 
were reported by trappers and ranch- 
ers. The effect of predators on the deer 
herd during the winter of 1937-38 was 
of no material consequence. 

Two unusually late instances d 
bucks with antlers were seen in the 
Murderers Creek basin. One seen 0 
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April 6 had but one antler, and another 
on April 5 had both antlers intact. The 
late bearing of antlers was due doubt- 
less to the low vitality of the deer in 
this section and is indicative of the gen- 
eral change noted in undernourished 
animals. The latest date for bucks with 
antlers elsewhere on the forest was 
March 25 near Beech Creek. 


GAME REFUGES 


The Malheur National Forest con- 
tains two refuges totalling approxi- 
mately 168,000 acres. Each lies just 
above a concentration area, and both 
have contributed materially to the over- 
stocked condition of the winter range. 

Canyon Creek Refuge, established in 
1929, included approximately 52,000 
acres and was closed to all forms of 
hunting. In 1935 it was enlarged to 85,- 
000 acres and made an archery preserve. 
The annual kill taken by devotees of the 
bow is insignificant. When enlarged in 
1935 the refuge already supported a 
large deer herd and was, no doubt, at 
that time overpopulated. This refuge 
iscrossed by one of the major migration 
routes of deer going to and from the 
winter range. During mild seasons 
many deer winter here, but in severe 
winters they seek the lower elevations. 

Myrtle Park Refuge, established in 
1933, includes approximately 83,000 
acres. It is decidedly overpopulated and 
has probably reached the peak of deer 
abundance. Browse conditions are very 
poor, and the forage productivity of the 
range has decreased during the past 
two or three years. It is vitally neces- 
sary that this herd be reduced. Opening 
of the area to hunting would be of ma- 
terial benefit, but buck hunting alone 
will not guarantee a sufficient removal 


to prevent further damage. Most of the 
deer on this refuge winter along the 
South Fork John Day River on range 
already overstocked with deer.‘ 


MANAGEMENT PROBLEMS AND 
SUGGESTIONS 


Successful management of the Mal- 
heur deer herds is dependent upon a 
satisfactory and immediate solution of 
the winter range problem. In view of 
the forage conditions now prevalent on 
the most important concentration areas 
a heavy loss of deer is to be expected the 
first severe winter. Were this loss con- 
fined to the actual loss of deer alone, 
there would be less cause for apprehen- 
sion. It is relatively easy to rebuild the 
deer herds when there is an abundance 
of winter food. Range restoration, how- 
ever, is more difficult. Unfortunately, 
the range is already damaged to a se- 
vere degree, and a greater loss of forage 
doubtless will occur unless conditions 
are corrected. Mild seasons will only 
add to the problem. 


RECOMMENDATIONS 


Immediate and effective action is 
necessary to prevent unnecessary losses 
of deer by starvation and to rebuild the 
browse forage on the winter ranges. To 
accomplish this, the following steps are 
recommended: 

1. Abolish existing refuges. 

2. Remove the surplus deer through 
special hunting seasons by allowing the 
kill of both sexes and in adequate num- 
bers. 

3. Invest the State Game Commis- 


‘ Both refuges were opened to hunting of 
bucks in 1938, 1939, and 1940. In 1939 the 
Canyon Creek Refuge was open to hunting 
of does also. 
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sion with authority to provide special 
hunting seasons, bag limits, and sex se- 
lection at reasonable license fees. 

4. Continue present efforts to im- 
prove range management. 

5. Continue range investigations to 
determine effects of control measures. 

6. Conduct an educational cam- 
paign to inform the public of the exist- 
ing conditions and the necessity for 
drastic corrective measures. 

7. Maintain close cooperation be- 
tween all individuals, organizations, 
and agencies who have any responsibil- 
ity in the management of the game re- 
source. 


SUMMARY 


1. The most important units of the 
deer winter range on the Malheur Na- 
tional Forest in Oregon are seriously 
overpopulated. 

2. The browse on these areas is dam- 
aged severely, and their productivity 


and carrying capacity have been greatly 
reduced. 

3. An immediate reduction in the 
deer herd is essential to prevent further 
reduction of the range capacity and fy. 
ture winter losses of deer.5 

4, Elimination of either livestock or 
deer from the national forest Tange 
would not solve the present deer winter 
range problem. 

5. The future game-producing ¢a- 
pacity of the land on and adjoining the 
Malheur National Forest is dependent 
upon efficient management of the area. 


5 During the fall hunting season of 1939, 
most of the Malheur National Forest was 
opened to the hunting of antlerless deer by 
an act of the legislature. Licenses were $1.00 
each and one deer was allowed. Hunters were 
checked in and out of the area by the State 
Game Commission. The number of hunters 
checked in was 15,646 and the number of 
deer checked out was 3,563 bucks, 6,397 
does, and 936 fawns, a total of 10,896 animals. 


Oliver T. Edwards 
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LATE FALL AND WINTER FOOD OF FOXES 
IN CENTRAL MASSACHUSETTS 


Arthur E. MacGregor 


During the fall and winter of 1937 
and 1938, seventy stomachs and one 
hundred sixty-four droppings of foxes 
were collected in and around the Har- 
vard Forest, Petersham, Massachusetts. 
The droppings were taken from the 
Forest and its immediate surroundings, 
and the stomachs were gathered from 
trappers and hunters within a radius 
of twenty miles. 

This part of Massachusetts is a land 
of small, broken cover types. Most of it 
was at one time in field or pasture, but 
has reverted gradually to forest. The 
first invasion of the abandoned farm 
lands was usually by pine, or pine mixed 
with hardwoods. The first forest crop 
has been largely harvested and replaced 
with mixtures of hardwoods. Abandon- 
ment continued, at least up to 1930, so 
that at present all stages in succession 
are found. 

When the collections were made, 
ruffed grouse were just starting to re- 
cover from the low point of their cycle. 
There was probably about one bird to 
every twenty to twenty-five acres. 
Pheasants were rare. Cottontail rabbits 
were on the increase, and were abundant 
for the region. Snowshoe hares were 
common, but not to be compared with 
the cottontails in number. Red squirrels 
were very numerous, but gray squirrels 
were at a low point in their cycle, and 
were seen only occasionally. 

Both red and gray foxes are repre- 
sented in the collections. The data for 
stomachs are separated by species, but 
those for seats are chiefly combined, as 


it was impossible in most cases to dis- 
tinguish the droppings. Red foxes 
outnumber gray foxes in the region, 
probably at least five to one, so the 
droppings may be assumed to be in 
about that proportion. 

Tables 1 and 2 record the stomach 


TABLE 1 


VOLUMES OF FALL FOODS OF THE RED 
FOX IN 57 STOMACHS 


Percentage 
Food an of total 
_ volume 
Skunk 560 19.7 
Rabbit 510 17.9 
Apple fruit 485 17.0 
Wcedehadk 175 6.1 
Chicken 154 5.4 
Shrew 127 4.5 
Deer mouse 125 4.4 
Porcupine 120 4.2 
Horse 100 3.5 
Field mouse 85 3.0 
Grass 70 2.5 
Muskrat 65 2.3 
Blueberry fruit 60 2.1 
Chipmunk 40 1.4 
Corn 40 1.4 
Cat (bait?) 30 1.1 
Mole 25 9 
Chokecherry 18 6 
Grasshopper 16 6 
Grape 15 5 
White grubs 15 5 
Lard (bait?) 15 5 


contents by volume, and by frequency 
of occurrence. Rabbits and apples are 
obviously the most important sources 
of food. Skunk ranks high in the volume 
table, but as it occurred only four times, 
the high volume may be only accidental. 
The importance of porcupines seems a 
little surprising. It is a question whether 
foxes kill porcupines, or whether they 
eat only those killed by man. Only one 
fox stomach held more than a trace of 
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FREQUENCY se cane PALL Foops Dut nO stomach showed signs of in. wo 
OF THE RED FOX IN 57 STOMACHS lammation that could be noted in the Dr 
No. of Percentage Specimens, preserved in formalin. One Ste 
Food times of occur- — dropping, not in the present series, cop. rou 
occurring rence ° ° : . : 
Apple fruit 23 2 3 sisted entirely of porcupine quills and we 
Shrew 11 9.6 hair, the quills pointing in all directions, one 
Deer mouse 9 7.9 : . 
sad mel 7 at Two fox skulls were cleaned, and quills pin 
Rabbit 7 6.1 were found in both, embedded in the Ta 
Porcupine 6 5.3 i : 
a : ri flesh against the bone. The bone in one ; 
Woodchuck 4 3.5 re 
Unidentified insects + 3.5 TABLE 4 ma 
«+ . .; WINTER FOOD OF FOXES AS net 
— ae : INDICATED IN 164 DROPPINGS 
Blueberry fruit 3 2.6 sto 
Beetle 3 2.6 No. of _ Percentage 
Small bird 3 2.6 Food times oc- of occurrence pel 
Chicken 2 1.8 curring sto 
Mole 2 1.8 Apple fruit 96 30.0 
Grape 2 1.8 Rabbit 61 19.1 onl 
Unidentified hair 2 1.8 Field mouse 34 10.6 twi 
Muskrat 1 9 Porcupine 21 6.6 . 
Horse 1 ‘9 Chicken 18 5.6 thi 
Chipmunk 1 9 Deer mouse 17 5.3 the 
Corn 1 9 Bird 13 4.1 . 
Cat (bait?) 1 9 Shrew 10 3.1 pin 
Chokecherry 1 9 Beetle 9 2.8 ace 
White grub 1 9 Grass 8 2.5 - 
Lard (bait?) 1 9 Horse 6 1.9 vo 
Cricket 1 9 Fox 5 1.6 anc 
Blueberry leaves 1 9 Insect 5 1.6 . 
Black cherry fruit 1 9 Grasshopper 4 1.3 gv 
Squirrel 1 9 Eggshell 4 1.2 tan 
Fox 1 9 Mole 3 9 
+ ey ol 2 6 se 
. , : herry fruit 1 3 ta 
porcupine; it contained 120 cc. of flesh ey 1 3 im) 
and quills. This was carrion, as the Bee ; 1 3 
: Blueberry fruit 1 3 um 
flesh was full of maggots. Five foxes had va F 
: , * Identified by the U. S. Biological Survey. twl 
quills embedded in the stomach wall, yn 
Tamn 8 showed minor deformation, apparently lect 
FALL FOODS OF THE GRAY FOX IN as a result of the quill. wit 
13 STOMACHS AND ONE DROPPING Table 3 is rather brief, as most of the rea 
Food ee _ oe gray fox stomachs were empty, or con- sen 
‘curring tained only traces of food. A notable pro 
Skunk 400 1 : , d with hea 
Chicken 60 1 exception was one stomach gorge . 
Apple fruit 55 2 400 ec. of skunk flesh. 
Shrew 10 : In addition to food, twelve of the see 
Grass trace 3 : | 
Beetle 2 stomachs contained stomach worms, ary 
Woodchuck 2 but never in large enough numbers to par 
Large bird (not grouse) 2 ‘ j a e 
Cat (bait?) 1 appear as a serious infestation. Usually TS 
Grasshopper 1. there were fewer than a dozen worms, Wai 
Spider 1 ‘ ‘ h. The chi 
Blueberry fruit 1 not more than an inch in length. | 





of in- 
in the 
1. One 


S, con- 
ls and 
ctions, 
| quills 
in the 
in one 


\S 

GS 
entage 
urrence 


— et et et et DS DO GO he OT OT OC? Gs DS oO 


So bo b0 bo Sn to kn bo Se win dom mA ROme 


Survey. 


arently 


| of the 
or con- 
notable 
od with 


of the 
worms, 
bers to 
Jsually 
worms, 
h. The 








MassacuusEtts Fox Foop—MacGregor 223 


worms were identified to the genus by 
Dr. Justus F. Mueller, of the New York 
State College of Forestry. Two were the 
roundworm T'oxascaris (limbata?), seven 
were the roundworm, Physaloptera, and 
one was a tapeworm, T'aenia. One drop- 
ping was found with the tapeworm 
Taenia (pisiformis?) still alive. 

Table 4 gives the frequency of occur- 
rence of items found in droppings. To 
make the analyses of droppings more 
nearly comparable with those of the 
stomachs (Table 5), the average volume 
per occurrence of each food item in the 
stomach records was calculated, using 
only those which occurred at least 
twice, and seemed most reliable. Then 
this average volume was multiplied by 
the frequency of occurrence in the drop- 
pings. This method really is not very 
accurate, especially since the average 
volumes were calculated from fall data 
and then applied to winter data, yet it 
gives a better idea of the relative impor- 
tance of some of the foods than the fre- 
quency table alone. In the frequency 
table, apples appear as by far the most 
important winter food, but when vol- 
umes are considered, rabbit becomes 
twice as important as apple, as it must 
also be in nutritional value. These col- 
lections were made in a mild winter 
with little snow, so that apples were 
readily available all winter. The repre- 
sentations of chicken and horse were 
probably picked up at farm refuse 
heaps. 

No bird remains were found that 
seemed in the least like grouse. All the 
large brown bird feathers were com- 
pared with a collection of grouse feath- 
ers, but noné could be matched, so it 
was concluded that they were all from 
chickens. 


“Rabbit” includes both cottontail 
and snowshoe hare, since it was usually 
impossible to distinguish the two. It 
can be stated, however, from cases 
where specific determinations were 
made, that both species are eaten, the 
cottontail more frequently. 

Some tracking of foxes was done dur- 
ing the winter. No evidence was found 


TABLE 5 


WINTER FOOD OF FOXES AS 
INDICATED IN 164 DROPPINGS 


Food Computed volume 

in C.C. 
Rabbit 4,453 
Apple fruit 2,016 
Chicken 1,386 
Field mouse 714 
Porcupine 420 
Deer mouse 238 
Shrew 115 
Grass 112 
Mole 36 
Grasshopper 32 


of foxes burying or otherwise hiding sur- 
plus food for future use. Murie, in 
Michigan, found the caching habit well 
developed, but it seems to be missing in 
Petersham. One skunk and one porcu- 
pine carcass were found, which the 
foxes visited frequently to chew on, but 
the carcasses were never in the least 
covered when the foxes left. In one case 
a fox filled up on a rabbit, then killed a 
whitefooted wood mouse (Peromyscus 
leucopus novaboracensis). This mouse is 
one of the favored foods, yet it was left 
exposed on the surface of the snow, not 
cached. When a vixen killed a cotton- 
tail rabbit she ate all she could, lay 
down and slept only a few feet away, 
then awoke and finished off the carcass. 

Foods apparently sought after most 
by the foxes were cottontail rabbits, ap- 
ples, and meadow mice. Through open 
woods, foxes trotted along in more or 
less straight lines, but when they came 
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to young pine stands where most of the 
cottontail rabbits were found, they cir- 
cled and went back and forth, running 
a good part of the time, and leaving a 
tangled maze of tracks. In fields they 
walked and trotted, frequently thrust- 
ing their noses into the snow to sniff. It 
was impossible to tell where a mouse 
was caught. There were many places 
where the foxes pounced and dug into 


mouse nests, trying to catch mice, but 
most attempts probably were ungye. 
cessful. 

This study indicates that foxes jp 
Petersham, Massachusetts, are not of 
great importance as predators of game 
birds. They drain heavily on the cotton. 
tail rabbit population, but this is bal. 
anced by the number of field mice they 
destroy. 


Arthur E. MacGregor 


542 N. State Street 
West Concord, New Hampshire 
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ECOLOGICAL AND MORTALITY FACTORS AFFECTING 
THE NESTING OF THE CHINESE PHEASANT IN THE 
WILLAMETTE VALLEY, OREGON 


Carl R. Eklund 


This investigation of the Chinese 
pheasant (Phastanus colchicus torquatus) 
was carried on by the Oregon Wildlife 
Research Unit, a cooperative undertak- 
ing of the American Wildlife Institute, 
Oregon State Game Commission, Ore- 
gon State Agricultural Experiment Sta- 
tion, and the United States Biological 
Survey. 

Conclusions were based on nest ob- 
servations in Benton, Linn, and Polk 
counties, from April through August, 
1937. The area studied is mainly farm 
land, mostly of hay and grain fields, and 
orchards in the humid transition life 
zone. The farms are interspersed with 
deciduous and coniferous growths, 
chiefly along the river bottoms. Part of 
the study was made in the vicinity of 
Petersen Butte, where in 1881 Judge 
Denny originally introduced the Chi- 
nese pheasant into the United States. 


Nest Morratiry 


One hundred and forty-five nests 
were observed, and on 114 of these the 
hens actually began incubation. The re- 
maining 31 were either abandoned or 
destroyed. The 114 nests averaged 
10.45 eggs per clutch, with extremes of 
22 and 3. 

Successful hatches occurred in 65 
nests, from which a total of 641 pheas- 
ants were produced, averaging 9.86 
chicks per hatched-out nest. Unsuccess- 
ful nests numbered 80 or 55.17 per cent 
of the total. A two-year study by Eng- 
lish (3) in Michigan included 193 nests 


with a 65.2 per cent loss, and observa- 
tions by Leopold (7) in Wisconsin dur- 
ing 1936 revealed a 57 per cent mortal- 
ity among 42 hayfield nests. 


Factors Causinc Nest Losses 


In Oregon haying was the greatest 
single factor in nesting losses, causing 
the destruction of 45 nests. Seven nest- 
ing hens (15.5%) were killed and 10 
crippled (22.2%) by the machinery. At 
five nests the hen returned after re- 
moval of cover by mowing, and 4 of 
these produced successful hatches. 

The validity of such nest mortality 
studies may be questioned on the 
ground that hay and grainfield nests are 
easiest to find, whereas other nests in 
habitats where they are difficult to lo- 
cate are perhaps more numerous. The 
heaviest percentage of losses, however, 
was found in nests outside of hay and 
grain fields. Cultivation and mowing of 
hay and grain fields resulted in 45 
losses—a 47.5 per cent mortality of the 
95 nests found in these habitats. The 
remaining 50 nests (outside of the hay 
and grain fields) suffered 35 losses or a 
70 per cent mortality. 

Nearby disturbances caused aban- 
donment of 8 nests, and men took the 
eggs from 4 nests before the hatch was 
completed. Skunks pilfered a surpris- 
ingly large number of nests, 9 losses 
being attributable to these animals. 
Nesting studies on bobwhite and Cali- 
fornia valley quail were also carried on 
in conjunction with the pheasant study, 
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and on one farm, skunks robbed nine of 
24 pheasant and quail nests. 

Plowing destroyed 3 nests, and flood- 
ing resulted in the abandonment of 2. 
Quail laid eggs in 2 pheasant nests, 
causing their desertion. In one of them 
the pheasant hen had laid 10 eggs and 
a bobwhite followed with 5, after 
which the pheasant deserted. In the 
second nest only one pheasant egg was 
laid, followed by 12 of the bobwhite. 


TABLE 1 
CAUSES OF NEST LOSSES 
Unsuccessful nests 
Causes of loss Num- Percent- 
ber age 

Man: 

Haying (including thresh- 

ing 42 28 .96 

Nearby disturbances 8 5.52 

Eggs removed 4 2.76 

Plowing 3 2.07 
Predator: 

Skunk 8 5.52 

Crow 2 1.38 

Small carnivore (dog, wea- 

sel, or cat) 1 .69 

Turkey buzzard 1 .69 
Miscellaneous: 

Flooding 2 1.38 

Quail 2 1.38 

Turkey 1 .69 

Cow 1 .69 
Unknown 5 3.44 
Total 80 55.17 
Total undestroyed nests 65 44.83 
Total number of nests 145 


Crows do not seem to be an important 
factor in nest mortality in the Wil- 
lamette Valley as far as this study re- 
vealed. Only small numbers of these 
birds were present during the nesting 
season of the pheasant and they de- 
stroyed only two nests. Turkey buz- 
zards may be a more important factor 
than crows in nest losses in this section. 
There were considerable numbers of 
buzzards in the area at the time, and al- 
though only one loss was charged to this 


species, the writer believes that the true 
amount of damage was probably greater 
than was found. This might be espe- 
cially true of nests in sheep pastures, 
which the buzzards frequent in greater 
abundance. 

A small mammal killed a banded hen 
on the nest, and ate all of the bird but 
the legs and feathers; the eggs were un- 
touched. Small tooth marks found op 
the legs indicated the predator could 
have been a cat, weasel, or small dog. 
Turkeys disturbed one setting hen until 
she abandoned her nest, and another 
nest was destroyed when stepped on by 
a cow. The cause of desertion of 5 nests 
was unknown. 

Burning has often been charged with 
being an important factor in decimating 
nests, but rigid fire laws in Oregon prac- 
tically prohibit burning during the 
nesting season of the pheasant, with the 
result that not a single loss could be at- 
tributed to this cause. 


RAINFALL IN RELATION TO Sur- 
VIVAL OF THE CHICKS 


Undoubtedly one of the greatest fac- 
tors in mortality to pheasant chicks is 
heavy rainfall. Theories have been ad- 
vanced that heavy precipitations favor 
good game crops (4), but field observa- 
tions in the Willamette Valley do not 
bear this out. Juvenile birds require 
food with a high protein content, such 
as is supplied by insects. Dalke (1) 
found that in Michigan 87.3 per cent of 
the food of one-week-old pheasant 
chicks consisted of insects. Research in 
Oregon (2) has shown that grasshoppels 
are a main item of food for adult pheas 
ants in the summer. Generally speaking 
grasshoppers increase in numbers with 
dry weather, but their development 5 
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retarded by cold spring rains. Heavy 
rains not only hold down the supply but 
cause the insects to become less active, 
and thus less available to the pheasant 
chicks. The rainfall in 1937 was 8.70 
inches in the western division of the 
State. This was 4.76 inches above nor- 
mal. It caused many floods and prob- 
ably delayed nesting on farm and pas- 
ture lands in the valley. 

May was moderately dry (3.22 inches 
of rain), but June was the wettest since 
records were begun in 1890, with about 
two and two-thirds times the average 
amount for that month. The monthly 
average in 1937 was 5.54 inches, which 
is 3.70 inches above the normal. Most 
of this rain fell between June 9 and 23. 
It came during a period of heavy nest- 
ing and may have caused some nest 
abandonment, in addition to heavy 
mortality of chicks through chilling 
and reduction of available food. Nest 
desertion because of rain, other than 
through flooding, however, was prob- 
ably slight. July and August were both 
very dry months, with only 0.16 inches 
of rain. 


NESTING IN RELATION TO EXPOSURE 
To SUN AND SHADE 


It is difficult to tell exactly the part 
that sun and shade play in the selection 
of nesting sites. Of the 145 nests, 84 per 
cent were partially shaded, but location 
was probably due to the type of cover, 
the shade being incidental. A combina- 
tion of sun, shade, and good cover ap- 
pears to characterize the ideal habitat. 
Entire exposure to sun was found for 
8 nests but only 2 of these were suc- 
cessfully hatched. Fifteen nests were 
wholly shaded and 7 of these were suc- 
cessful, 


NeEsts IN RELATION TO Sort Types 


Soil of 14 different types supported 
91 nests in Benton County of which 29 
were on the prevailing Willamette silt 
loam. These, however, were located in 
20 different vegetative habitats, as oats 
and vetch, alfalfa, clover, orchard grass, 
weeds, thistles, rye, wheat, and others. 
Fifty nests were found on 11 soil types 
in Linn County, 19 of them on the 
gravelly subsoil phase of Dayton silt 
loam. Seventy-five per cent of the soil 
12 miles east of the Willamette river in 
Linn County is of this type. 

The glaciation hypothesis (6) has 
suggested a possible limiting factor in 
the confinement of pheasants to certain 
soils. The thought was advanced that 
essential plants are limited to soil types, 
or the soil itself contains some substance 
such as lime or gravel, necessary to the 
welfare and breeding vigor of the birds. 
Different soils undoubtedly favor dis- 
tinct floras, and with a rich soil, such as 
Willamette silt loam, a better crop is 
produced than on most other soil types 
within this area, hence there is more 
food and cover for the pheasants and an 
increased carrying capacity. The great- 
est variable affecting nesting is the type 
of vegetative cover, which in some in- 
stances may be controlled by soil types 
and conditions. Many poor soils are 
suitable only for growing timber, and as 
timber is not the habitat of the pheas- 
ant the soil in this instance would be the 
basic limiting factor on the distribution 
of the species. 


OTHER EcoLoGIcaL Factors 


It was found that 118 or 81.3 per 
cent of the nests were on level ground, 
and 27 or 18.6 per cent on hilly sites. 
Most of the farming land in the area 
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studied is level, hence the ratio of nests 
on hilly and level lands correspond 
somewhat with the availability of these 
types. Again it appears that cover type 
dominates choice of site. It is generally 
recognized that pheasants show a par- 


TABLE 2 
DISTANCES OF NESTS FROM WATER 
Number of 
Distance nests 
0-50 feet 7 
51-100 8 
101-200 6 
201-300 3 
301-500 12 
501-3 mile 35 
4-3 mile 32 
4-2 mile 22 
2 mile and over 20 
Total 145 


tiality for swales where protection is 
usually afforded by escape runways. In 
this survey a swale was not classed as 
hilly if the surrounding ground was 
level. 

The study of nest location in relation 
to nearness to water indicated that 
pheasant nesting sites are not limited to 
the close proximity of water. The daily 
cruising radius of the pheasant is es- 


timated at from one-eighth to one-half 
mile (5) but 42 of the 145 nests were 
half mile or more from water. Succulent 
foods and dew probably supply syf- 
ficient moisture. 


Nest DistrIBuTION 


Hay fields were the most favored 
nesting habitat of the pheasant, harbor. 
ing 90 of the 145 nests observed. This 
habitat provides good food and cover, 
and constitutes the largest area of any 
single habitat in the district studied. 
Grain fields provide equally good cover 
and better food conditions, but their 
most favorable growth comes later in 
the nesting season, with the result that 
most of the nests in this type of cover 
probably represent renestings. 

Fence rows, roadsides, orchards, and 
unusued fields sheltered 38 nests, and 10 
nests were found in pastures, ditch 
banks, and deciduous wood lots. Wood 
lots are not favored as much as one 
might expect, and the 3 nests observed 
in them were close to fields. Only 1.38 
per cent of the nests were found along 
railroad right-of-ways, but this per- 
centage is probably not accurate, for 


TABLE 3 
NEST DISTRIBUTION AND SUCCESS ACCORDING TO HABITATS 
Total nests Successful Unsuccessful 
Habitat Number Percentage Number Percent- Number Percenl- 

age age 

Hay field 90 62.10 41 45.55 49 54.44 
Fence row 12 8.27 4 33.33 8 66 .66 
Roadside 1l 7.59 4 36.36 7 63.63 
Unused field 8 §.51 4 50.00 4 50.00 
Orchard 7 4.82 4 57.14 3 42.85 
Pasture 5 3.44 3 60.00 2 40.00 
Grain field 5 3.44 2 40.00 3 60.00 
Deciduous wood lot 3 2.07 1 33.33 2 66 .66 
Railroad 2 1.38 1 50.00 1 50.00 
Ditch bank 2 1.38 1 50.00 1 50.00 

Totals 145 100.00 65 80 
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rank grass, weed, and briar growths 
along railway grades make particu- 
larly good nesting cover in which nests 
are extremely difficult to find. 

The percentage of successful nests in 
each habitat is interesting, and when 
sufficient data can be gathered therefor, 
key situations may implement success- 
ful prediction of general nesting suc- 
cess. Only the hay field nests were in 
sufficient number in this study to give 
an indication of average losses, but with 
additional investigations similar indexes 
could be reached for each type of habi- 
tat. Hay field nests showed a success 
percentage of 45.55 for 90 nests. Eng- 
lish (3), in Michigan, reported success of 
44 per cent of 86 nests in hay fields. 


Biotic Factors 


Food and cover are two of the most 
important limiting factors in the propa- 


TABLE 4 


TYPES OF NEST COVER AND 
NESTS IN EACH 


Number 
Type of cover of nests Percentage 
Alsike clover 22 15.17 
Oats and vetch 17 il 72 
Grass and weeds 16 11.03 
Red clover 13 8.97 
Alfalfa 12 8.28 
Grass 10 6.90 
Grass and bushes 9 6.21 
Grass and vetch 6 4.14 
Berry vines 5 3.44 
Grass and ferns 5 3.44 
Australian peas 4 2.76 
Wheat 4 2.76 
Rye 3 2.07 
Cheat 3 2.07 
Oats 3 2.07 
Vetch and clover 3 2.07 
Stubble and thistle 2 1.38 
Vetch and rye 2 1.38 
Trees and poison oak 2 1.38 
Red clover and vetch 1 .69 
Red and alsike clover 1 .69 
Dead branches 1 .69 
Clover and timothy 1 .69 





Total 


S 
: 


gation of upland game birds. Plant 
growth in the Willamette Valley may 
be considered almost ideal. Farming is 
not yet as “‘clean” as on many farms in 
the eastern States, and cultivated crops 
are still bordered by comparatively 
wide fence rows of weeds, grasses, and 
shrubbery. These together with swales 
and brushy wood lots make ideal habi- 
tat for the pheasant. 

Alsike clover was the most favored 
cover, followed by oats and vetch, or- 
chard grass and such weeds as tarweed, 
dock, thistle, goldenrod, wild carrot, 
dog fennel, plantain, and lupine. All cul- 
tivated crops furnish both food and 
cover, and were it not for mowing at 
critical periods of nesting, the percent- 
age of nest successes in them would 
have been much higher. 


CONCLUSIONS 


1. For nesting of the Chinese pheas- 
ant in the Willamette Valley, cultivated 
fields of hay, grain, wild grasses, brush 
and weeds provided the most favored 
habitats in the order indicated. Timber 
and extensive wood lots were of minor 
value. 

2. Mowing was the greatest single 
cause of nest mortality, but more nests 
were abandoned or destroyed outside 
of the hay fields, as a result of a com- 
bination of other factors. Normal agri- 
cultural operations other than grass or 
grain cutting were not major limiting 
factors in pheasant nesting. 

3. Heavy populations of skunks 
caused considerable nest destruction; 
there probably should be some control 
of this species on small-game manage- 
ment areas. Other predators did not 
cause sufficient nest mortality to war- 
rant their control. 
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4. Rainfall was probably one of the 
greatest factors in mortality to pheas- 
ant chicks, but it is doubtful whether it 
caused nest abandonment, except in 
case of flooding. 

5. Shade was not a limiting factor. 
Partial shade prevailed at most nests, 
probably being incidental to the types 
of cover. 

6. Type of soil was a basic factor in 
nest distribution in that it controlled 
vegetative growth. 

7. No preference was shown between 
hilly or level ground. 

8. Drinking water was not a limiting 
factor in nest distribution, and the same 
may be said of graveled roads. 
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LIVE TRAPPING TEXAS ANTELOPES 
Lee William Fisher 


The credit for the first successful live- 
trapping and transplanting of prong- 
horned antelopes (Antilocapra ameri- 
cana) belongs to Elliot S. Barker, State 
Game Warden, and Paul Russell, Dis- 
trict Deputy Game Warden, New 
Mexico Department of Game and Fish. 
The antelope trap and shipping crate 
now used by the Texas Game Depart- 
ment are modified from those employed 
by the State of New Mexico. The Texas 
method of drifting the antelopes into 
the trap and of removing the animals 
for shipment differs from the New Mex- 
ico live-trapping technique. An airplane 
replaces horsemen and antelopes re- 
moved from the crowding pen in a group. 

There are two main purposes of live- 
trapping and transplanting antelopes. 
The first is to remove antelopes from 
sheep to cattle range, the incompatibil- 
ity of domestic sheep and antelope hav- 
ing been convincingly demonstrated by 
management and habitat studies. The 
second objective is to reduce the popu- 
lation on enclosed areas where there is a 
surplus and to distribute them over 
former and present suitable ranges from 
which they are now absent. Antelopes 
are unable to escape from sheep-wired 
enclosures but can crawl under or 
through ordinary barbed wire fences; 
by transporting them to favorable cattle 
ranges they may increase in number, 
spread, and become more firmly estab- 
lished in the fauna of the state. 

The first attempt to transplant ante- 
lopes in Texas was made in Sterling 
County during 1939, when 257 head 
were trapped and liberated in twenty- 


one new localities. Trapping operations 
were resumed in the Davis Mountain 
Range in Brewster and Presidio Coun- 
ties during October, 1940. Because of 
the mountainous terrain of this section 
of western Texas and also the large pas- 
tures (10,240 to 22,400 acres) in which 
the antelopes were to be trapped, it was 
soon learned that the method of em- 
ploying horsemen for drifting the ani- 
mals into a trap was too costly. 

While the writer was taking a census 
of antelopes by airplane near Alpine, 
Texas, it was observed that the animals 
tended to flee from the drone of the air- 
plane motor. This tendency was found 
to increase in proportion to the nearness 
of the plane. Following up this lead, it 
was learned that scattered herds of 
antelope could be assembled into one 
and drifted in any desired direction, 
provided the airplane was maneuvered 
so that the drone of the motor issued 
from a position behind or to one side of 
the antelopes and at altitudes of 50 to 
500 feet. 

Further experiments showed that a 
modification of the trap would be neces- 
sary before this species could be cap- 
tured by airplane driving. Numerous 
variations in trap construction were 
tried before success was achieved. Since 
the adoption of this method of herding 
antelope by airplane, 467 animals have 
been trapped, sexed, aged, weighed, ear- 
tagged, and released in suitable habi- 
tats. The trapping operations covered 
43 days. Only three animals died, a 
mortality of but 0.64 per cent. Releases 
were made at distances of from 25 to 
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663 miles. The greatest number of ante- 
lopes urged into the trap during one 
drive was 58. The average number of 
animals released on an area was 30. 
Plants were made on approximately 
750,000 acres of suitable range. 

The cost for trapping and transport- 
ing each antelope was approximately 
$4.30. This cost was computed by allow- 
ing five years for the useful life of equip- 


CROWDING PEN 
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ft. for a sliding gate. All nets are of tr 
inch long-grade staple cord, with a 3. 
inch square mesh; line ropes are 3-inch 
diameter, all completely tarred. The 
end of each net is fastened to a one-inch 
galvanized iron pipe, in turn is attached 
to a cedar post, to form a solid tie and 
prevent a tear at the terminals. It is im- 
portant that all nets be tied by ropes to 
posts that are placed some three to four 
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Fig. 1. Plan of antelope trap. 


ment such as trap, trucks, tools, and 
camp outfit. It includes also all current 
expenditures as rental of airplane, op- 
eration of trucks, and salaries of op- 
erators. 


THe TRAP 


A plan of the trop (Fig. 1) shows that 
it is divided into three sections. Arrows 
A, B, and C indicate the cord-net 
crowding pen, the main cord-net pen, 
and the Texas wire net pen, respec- 
tively. 

Crowding Pen.—This pen is hexa- 
gonal, about 14 ft. in diameter (Fig. 1; 
Pl. 19, A). It is formed by two 16 X8 ft- 
cord nets (one for each side), one 8X7 
ft. for a swinging gate, and one 7X2? 


feet apart, thereby eliminating solid sur- 
faces on which the antelopes may be in- 
jured. This also permits adjustment of 
the nets after they may have stretched 
or contracted due to wear or weather 
conditions. The two cord-net gates that 
open into the crowding pen are covered 
with a canvas curtain; this serves as & 
screen to shield from view the trucks 
and shipping crates, and also the opera- 
tors before they enter the pen to remove 
the antelopes. Specifications of the slid- 
ing gate and single swinging gate are 
given in Figure 2, A and B. 

Main Cord-Net Pen.—Complete views 
of this pen including the double swing- 
ing gate, are shown in Plate 18 (See also 
Fig. 1). This pen is formed by four 
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A (upper).—Antelopes being drifted through open entrance of trap by airplanes. 
B (lower).—When antelopes are in trap; canvas cloth gate is unrolled temporarily to pre- 
vent their escape until replaced by wire-net gate. 
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A (upper).—The canvas cloth gate is used as a seine to crowd the antelopes into the main 
cord net pen from the Texas wire net enclosure. One wing of the gate was closed by wind, yet 
they enter the pen. 

B (lower).— Double swinging gate is closed behind antelopes by a 3 inch cloth line rope 
operated from a distance. 
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A (upper). 


Antelopes being forced from main cord net pen into crowding pen 
porting posts and steel cables hold nets taut. 


B (lower).—Operator pulls rope attached to the single swinging gate to enclose 
In crowding pen. 








PLATE 19 
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A (upper).—Antelopes removed from the crowding pen are sexed, 2ged, and ear-tagged 
before crating. 

B (lower).—-Finally the antelopes are crated, weighed and loaded on trucks to take them to 
new habitats. 




















TRAPPING TEXAS ANTELOPES—Fisher 


50X6 ft. cord nets, two joined for each 
side, and two 12X5 ft. cord nets fas- 
tened to a double swinging gate. The 
enclosure is about 100 ft. long and 40 
ft. wide. The nets are of the same mater- 
ials as those of the crowding pen. The 
side nets of the pen are supported by a 
Linch flexible, plow-steel cable (Plate 
19) which is suspended above the net 
from the post of the single swinging 
gate to that of the double swinging gate. 
The net is fastened by rope to this cable 
and is kept taut to prevent antelopes 
from spilling over and escaping from the 
pen. In a similar manner a two-strand, 
barbless wire is placed below the bot- 
tom of the net, Further support is 
added by ropes tied to six posts, about 
15 feet apart, on each side of the pen 
and some three or four feet distant as 
shown for the crowding pen in (Pl. 19, 
A). The double swinging gate is detailed 
in Figure 2, C. 

The double and single swinging gates 
are operated from a distance (Pls. 18, B 
and 19, B). A 32-inch cotton rope 200 
feet long passes through two pulleys at- 
tached to stakes driven into the ground 
at the bottom of the double swinging 
gate, and another 32-inch rope passes 
through a pulley fastened to the top of 
the post of the single swinging-gate. 

Texas Wire Net Pen—The Texas pen 
is simple to build, since one side is 
formed by an established line of fence. 
The other side (Fig. 1) is of galvanized 
wire net, 52 inches high and of 6-inch 
mesh, with intermediate and stay wires 
of 143 gauge. It is supported by studded 
iron T-posts, 8 feet long, driven about 
three feet into the ground. Cedar posts 
at intervals of about 100 feet give added 
support. Should the established fence be 
of barbed wire then a wire net is at- 
tached to it so as to form one side of the 
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Trap MATERIALS AND EstimMaTED Costs 


Cord Net 
1 (7’X3’), sliding gate 
2 (16’X8’), sides of crowding pen 
1 (8’X7’), single swinging gate 
4 (50’X6’), sides of main cord net 


pen 

2 (12’X5’), double swinging gates 

Available from the Adams Net and 
Twine Company, St. Louis, Mo., 
about 8 cents per sq. ft 


Wire Net (galvanized) 


120 rods, 52 inches high, line and 
stay wires 14} gauge, bottom and 
top 11 gauge, stays 6 inches 
apart. (Used tarnished wire pre- 
ferred); cost, new, about 50 cents 


$132.24 


Posts 
70 (7’ iron), T-posts, to support wire 
net; cost about 43¢ each 
8 (12’X6”) cedar posts, to support 
gates and net, 12 (8’X5”) cedar 
posts to support wire net 


Hardware 


100 Ibs. spool smooth wire, 9 gauge, 
for bracing 

250 ft. 3” flexible plow-steel cable, 
RN Bes. 5 scaiorereissciciancie 

3 pulleys for ?” cotton line rope. .. 

12 strap hinges, 6”, for 2X4’s on 
wire gate 

Iron spool and frame for canvas roll 


g 

5 lbs. 7” staples for net wire 

120 yds. 8-ounce canvas cloth 30” 
wide for iron and roll gates 

500 ft. 2” cotton rope 

200 ft. used galvanized pipe to con- 
struct gates and attach nets to 
cedar posts; different sizes at av- 
erage cost of 7¢ per foot 

Welding gates and hinges 


Lumber 


4 pes. 2”X4” X8’, to support gates 
24 pes. 2”X4"X5’, to support wire 
net gate 
24 shipping crates, completed and 
painted 
Approximate cost of completed trap, 
including shipping crates 


3.50 
240 .00 
$536 .69 


enclosure. Where there is no established 
fence, two wire net side nets may be 
used. The pen is from 1,000 to 1,500 feet 
long and from 400 to 500 feet wide, de- 
pending on the topography of the land. 
Camouflaged by vegetation and at- 
tached to the cedar post at the entrance 
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The smaller is of similar construction and measures: side, 


Antelope shipping crate, large size; scale }”=1”. 


Fig. 2. Left. 


of gates. 


41". Right. Details 


end, 16”; height 


45”; 








TRAPPING Texas ANTELOPES—Fisher 


to the trap is a roll gate. This is made of 
395 linear feet of 8-ounce canvas, 30 
inches wide, rolled on a spool that is 
supported by an iron frame (Fig. 2, D). 
To prevent antelopes escaping from the 
trap, the canvas-cloth roll gate (PI. 
17, B) is employed temporarily until the 
wire net-gate is unrolled. The latter is 
constructed of wire net 325 feet long 
and 52 inches high and is supported by 
pieces of 2”X4" lumber about 20 feet 
apart that are fastened to the net wire 
by iron staples. Each wooden support is 
composed of two pieces of 2”X4" 
joined together by a 6-inch galvanized 
iron strap hinge, thus permitting the 
gate to be propped up when unrolled 
(Fig. 2, E). The gate remains in a truck 
stationed about a quarter of a mile from 
the trap until the antelopes are driven 
by the airplane into the open entrance. 


SHIPPING CRATES 


The dimensions and materials for 
large and small shipping crates are 
given in Figure 2 (left), the smaller 
being for fawns and yearlings. All crates 
are padded on the ends and bottom 
with 8-ounce canvas cloth fastened over 
cotton batting by wooden cleats. A coat 
of good-quality green paint is applied to 
the exterior in order to preserve the 
crates from the weather. Each is 
stamped with a number and its weight; 
the large ones weigh about 120 pounds, 
the small, 90 pounds (PI. 20). 

TRAPPING OPERATIONS 

The selection of a proper trap site is 
of primary importance. Plate 18, A 
shows a downward slope leading to the 
cord-net pens. It is necessary to place 
this part of the trap beyond a mound, 
knoll, or small hill, that will conceal it 
from the antelopes passing through the 
open entrance of the wire-net pen. 
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An accurate count of the antelopes in 
a 25-section or 16,000-acre pasture can 
be obtained within one hour by air- 
plane. Such a survey and the selection of 
a suitable trap site are made by airplane 
before proceeding to pen the animals. 
After completion of the trap, the air- 
plane is maneuvered through a series of 
shallow, steep, and lazy “eights,” and 
occasional dives to within 50 feet of the 
ground while drifting the antelopes 
from five, ten, or more miles toward and 
into the trap. Once the animals are in 
the trap, a signal is wig-wagged to the 
operators, who are seated in a truck lo- 
cated about-a quarter of a mile from the 
open entrance. They immediately speed 
to the trap and by unrolling the canvas 
cloth gate (PI. 17, B), close the open en- 
trance temporarily while the wire-net 
gate is being erected. The airplane then 
has completed its function and the five 
or six operators proceed to remove the 
antelope from the trap and crate them 
for transportation. 

It is difficult adequately to describe 
in writing the complete trapping pro- 
cedure, so that a person unfamiliar with 
it can clearly visualize each operation; 
but the illustrations and their legends 
should make the technique fairly clear. 


GENERAL SUGGESTIONS 


Antelopes have been trapped success- 
fully from October to March, but the 
period between October 1 and January 
1 is most desirable, because (1) less in- 
clement weather is encountered; (2) 
range conditions are generally good in 
that season; and (3) antelopes are less 
difficult to handle due to the shedding 
of their horns, which occurs mostly in 
October throughout Texas. 

One-ton stake-body trucks with beds 
7X14 feet and holding 12 crates each 











236 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 6, No. 3, Juty 1942 


were found most serviceable for trans- 
port and two were used. The trapping 
of about 30 head allowed a sufficient 
margin so that a group balanced as to 
age and sex ratios, and with possible un- 
desirables eliminated, could be selected 
for release. The taking of just the num- 
ber that can be promptly transported 
does away with holding any antelopes 
in the pens, which tends to weaken 
them; some, however, have been re- 
tained as long as 48 hours. 

In order to avoid injuries to the ante- 
lopes while removing them from the 
trap as well as when loading and trans- 
porting them to new habitats, the fol- 
lowing procedures should be closely fol- 
lowed. No person should be within 300 
yards of the trap when antelopes are 
being drifted into it; no sounds or sud- 
den movements should be made by any 
of the personnel when urging the ani- 
mals from one pen to another; much pa- 
tience is needed as over-eagerness on the 
part of operators may cause the ante- 
lopes to spill over or through the wire 
net and injure themselves. 

It is best to weigh the animals in the 
crate just before loading. Crates should 
be arranged on the trucks so that the 
head of each animal points in the direc- 
tion of travel. 

The airplane employed in the trap- 
ping project was an Aeronca Mono- 
coupe with a 65-horsepower engine (PI. 
17, A). Any of the numerous makes of 
light airplanes would doubtless have 
served the purpose. The purchase price, 
as low as $1,000.00; the economy of op- 
eration, 25 miles per gallon of fuel; and 
the minimum cruising speed of 40 miles 
per hour, (about the maximum ante- 


lopes can attain) make one of these de. 
pendable light airplanes an ideal ma. 
chine for drifting the animals. It is also 
of inestimable value in the censusing of 
many game animals and in surveying 
and mapping game habitats. 

Some questions that may arise and 
their answers follow: 

Does the airplane harmfully disturb 
livestock on the range where the trapping 
isin progress? No; if properly maneuver. 
ed the airplane is ignored by livestock. 

How far is it advisable to drift ante- 
lopes by airplane? They have been 
driven 15 miles and into the trap, but 
on some occasions have tired or become 
accustomed to the drone of the air- 
plane motor; when this occurs, it is best 
to stop and return to trap such animals 
at a later date. 

Is it necessary to have a specially 
trained pilot to operate the airplane? 
Yes; but two or three hours of flying 
time spent in becoming familiar with 
the habits of the antelopes and their re- 
actions to the drone of the airplane 
motor should be sufficient to train any 
competent pilot for drifting the animals 
into the trap. 


SUMMARY 


Modifications in the _live-trapping 
technique for antelope are reported, in- 
cluding replacement of horsemen by an 
airplane for drifting the animals into the 
trap and removal of antelopes from the 
crowding pen in a group, rather than 
one at a time through a chute. They 
have permitted the use of a simplified 
and less expensive trap, and afforded a 
safer, more efficient, and more economi- 
cal method of capturing antelopes. 

Wildlife Restoration Division _ . 


Game, Fish, and Oyster Commission 
Austin, Texas 
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FOOD HABIT TRENDS OF THE WILD TURKEY IN MIS- 
SOURI AS DETERMINED BY DROPPING ANALYSIS! 


Paul D. Dalke, W. K. Clark, Jr., and L. J. Korschgen 


Food habit studies of our native and 
introduced gallinaceous birds in the 
past have been based largely upon the 
contents of crops and gizzards. For up- 
land game species like the bob-white 
quail, the ruffed grouse, and the ring- 
necked pheasant, much crop material 
continues to be available, but it is diffi- 
cult to collect many specimens repre- 
senting each month over a period of 
several years. 

For the eastern wild turkey (Melea- 
gris gallopavo silvestris), it is doubtful 
whether an adequate and complete food 
habit study can ever be made on the 
basis of stomach analyses alone, be- 
cause of its rather scattered distribution 
and low population level. In a census 
during January, February, and March, 
1942, the better parts of the Missouri 
Ozark range showed populations of 40 
to 60 birds per township. 

Judd (1905) analyzed 16 turkey 
crops which ‘‘contained 15.57 per cent 
of animal matter and 84.43 per cent of 
vegetable matter.”” Blakey (1937) re- 
ported on the foods and feeding habits 
of the wild turkey in Missouri on the 
basis of sight records and upon the ex- 
amination of 25 crops taken during the 
December hunting season. 

Martin, May, and Clarke (1939) re- 
ported on the analyses of 126 crops and 
gizzards taken on the George Washing- 


‘ Contribution from the Missouri Coopera- 
tive Wildlife Research Unit. The Missouri 
Conservation Commission, The American 
Wildlife Institute, the University of Mis- 
souri, and the United States Fish and Wild- 
life Service, cooperating. 


ton National Forest in Virginia during 
the hunting seasons of 1935, 1936, and 
1937: ‘The bulk (93.26 per cent) of the 
food of the wild turkey in this area con- 
sists of plant material, the remainder 
(6.74 per cent) being animal, principally 
insect. Fruits and seeds are the principal 
items of plant food comprising more 
than three-fourths of the total. Fleshy 
fruits of grapes, flowering dogwood, 
greenbrier, black gum, blueberries, and 
persimmon form approximately one- 
half, while dry fruits and seeds (acorns, 
ash keys, grass seeds, etc.) make up a 
nearly equal amount. Green vegetation 
(principally leaves of vetch, sheep sor- 
rel, grasses and sedges) amounts to 5.16 
per cent of the total food.’”? Good and 
Webb (1940) determined the spring 
foods of the wild turkey in Alabama to 
be 88.29 per cent vegetable and 10.87 
per cent animal foods. Rivers (1940) 
upon analysis of the contents of 406 
wild turkey crops taken during the 
hunting seasons 1935-38 in Virginia 
found the plant food to average 97.20 
per cent and animal food 2.80 per cent. 


METHODS 

The use of fecal material of gallina- 
ceous birds as the basis of food habit 
studies has received increased attention 
during the past ten years. Dalke (1935) 
reported on this method in studying 
seasonal food trends of the ring-necked 
pheasant in southern Michigan. Wilson 
and Vaughn (1936) used the same meth- 
od on a study of winter food habits of 
quail. Swanson (1940) indicated that 
the dropping-analysis method can be 
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successfully used in food habit studies 
of the sharp-tailed grouse. From the 
examination of a few prairie chicken 
droppings from northern Missouri, it 
appears that this method may prove 
satisfactory for studying the seasonal 
food habits of that species. 

The dropping-analysis method as de- 
veloped to the present time has relied 
upon the frequency-of-occurrence of the 
food items as the indication of relative 
importance of food plants or animals or 
groups of plants or animals. In the pres- 
ent study an attempt was made to es- 
timate percentages of the food items in 
each sample examined. 

This investigation is based upon 
analyses of 3,244 wild turkey droppings. 
The bulk of the material was collected 
by W. K. Clark, Jr., during the course 
of his field studies of the wild turkey on 
the Eleven Points Refuge of the United 
States Forest Service in Oregon County, 
Missouri. The balance of the material 
was collected on the Blue Springs and 
Carmen Springs refuges in Howell 
County (in cooperation with the United 
States Forest Service), the Drury refuge 
in Taney County, and on Indian Trail 
State Forest, Dent County, Missouri. 

The droppings were analyzed by L. J. 
Korschgen, employed by the Missouri 
Cooperative Wildlife Research Unit 
and assigned to the Food Habits Labo- 
ratory of the Fish and Wildlife Service 
at the Patuxent Research Refuge, 
Bowie, Maryland, during the summer 
of 1940. Insect identifications were 
made by L. W. Saylor, entomologist at 
the Food Habits Laboratory. 

The procedure in analyzing droppings 
is as follows: Soak dried droppings in 
water for about 24 hours. Break down 
the softened material with mortar and 
pestle; this can be done without harm 


to the already small fragments of seeds 
and insects. Run the pulped materia] 
onto a Gritz gauze-covered funnel to 
drain, then shift it to blotting paper to 
absorb much of the remaining moisture 
before drying is completed in an oven, 
The dried material is easily separated 
into its finer components by rubbing it 
through a sieve of medium mesh. To 
facilitate analysis, a small-meshed sieve 
may be used to dispose of dust and 
other particles too small for identifica. 
tion. The seeds and insect fragments, 
though finely divided, can usually be 
readily identified to genus and some- 
times to species by the use of a good 
binocular microscope. The proportion 
of each item in a sample is estimated to 
the nearest 10 per cent. Those estimated 
to be less than 5 per cent are considered 
as traces. 

After all percentages had been com- 
puted and the results tabulated, two 
facts were apparent. First, acorns and 
grass leaves seemed to be the only 
items of any importance from Noven- 
ber to April—all other seeds and fruits 
appearing as traces. Second, insects did 
not figure in the percentages from No- 
vember until May (i.e. they were less 
than 5 per cent) and averaged only 7 
per cent for the year. It is believed, 
therefore, that percentages based upon 
frequency of occurrence would more ac- 
curately show the trends of food con- 
sumption, providing the droppings are 
collected by random sampling and in 
large numbers. 

The percentage distribution, by 
months, of the 3,244 droppings analyzed 
was as follows: 
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The year-round diet of the wild tur- 
key closely reflects the availability of 
the various kinds of plants and insects. 
On the basis of frequency of taking, 
plants make up about 75 per cent of the 
annual diet, and insects the remaining 
fourth. Figure 1 shows that the relative 
proportions of plant and animal foods 
from April to October, inclusive, vary 
less than 11 per cent. It is during this 
period that the greatest abundance and 
variety of foods are present in the nat- 
ural environment of the turkey—hence 
choice apparently depends upon local 
abundance and availability. 

Buttercups (Ranunculus), wood sor- 
rel (Oxalis), sheep sorrel (Rumezx), and 
early-maturing blue grasses (Poa) have 
high palatability ratings in the diet of 
wild turkeys, even though these plants 
are available for only a brief period in 
the spring and early summer. A larger 
population of insects became available 
during March and April and were eaten, 
so there was a corresponding period of 
feeding on spring plants a month later. 
Peak insect populations occurred in 
June, and there was a corresponding in- 
crease of insects in the turkey diet. 
Then an increasing variety of plants 
was represented in the diet through the 
summer period, the peak being reached 
in September. 

The plants utilized during the sum- 
mer are listed in Table 1 with an indica- 
tion of the relative degree of use. 

It was possible to identify only 58 
species in a total of 73 genera, so no at- 


tempt is made to list the species. By 
combining the species identified in this 
study with those reported by Blakey 
(1937), 136 species are shown to be used 
by the Ozark wild turkeys. In some in- 
stances when a genus is placed in the 
lowest frequency group, proper recogni- 
tion may not always be given to the 
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Fig. 1. Monthly variation in plant and 
animal food. 


actual degree of use. For example, the 
lespedezas, clovers, wild roses, wild 
grapes, and tick-tre-foils, with a larger 
amount of information, might well have 
been shifted into the next higher fre- 
quency group. Further data are needed 
for the mid-summer to give the plants 
of that period adequate representation. 

During the spring and summer 73 
per cent, and in the fall and winter 61 
per cent, of all the plants utilized were 
in the lowest frequency group. These 
high percentages indicate general sam- 
pling of the vegetation in the large ter- 
ritory and variety of cover types 
through which the birds pass in their 
daily movements. Turkeys commonly 
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TABLE 1 


PLANTS USED AS WILD TURKEY FOOD 

SPRING AND SUMMER (APRIL TO 

SEPTEMBER), LEFT-HAND FIGURES IN 

EACH COLUMN; FALL AND WINTER 

(OCTOBER TO MARCH), RIGHT-HAND 
FIGURES 


Degree of utilization 





Groups Very - 8 rg Me- : 
high (1) #02) aium (sy Low (4) 





Grass-like plants 
Grass leaves (all 
genera) 1 
Digitaria(3)* 1 2 
Paspalum (2) 2 
Panicum (3) 3 3 
Bromus* 
Setaria (3) 
Poa (1) 
Cyperus (3) 
Carex* 
Festuca* 
Sphenopholis* 
Danthonia (1) 
Mubhlenbergia (1) 
Triodia (1) 
Eleusine (1) 
Andropogon (1) 
Bouteloua (1) 
Slymus* 
Agrostis 
Glyceria (1) 
robolus 


to 


~ ree 


~ > 


ordeum* 
Leersia (1) 
Juncus* 
Avena (1) 
Zea (1) 
Forbs 


rh hhh LL PLE LE LLLP 
ee ie 


Ranunculus (3) 3 
Rumex (1) 

Oxalis* 

Trifolium (2) 

Diodia (1) 3 


ee 


Phytolacca (1) 
Capsella (1) 
Verbena (1) 
Polygonum (2) 
Desmodium* 
Lepidium* 

= (1) 3 
Viola* 

Serinia (1) 
Ambrosia (2) 
Anthemis (1) 


~ -§ ee 


Geum* 

Tragia* 

Amphicarpa (1) 

Geranium (1) 

Physalis* 

Valerianella (1) 

Solidago* 

Chenopodium (1) 

Plantago (1) 

Lechea* 

Galium* 

Equisetum* 

Cuphea (1) 

Arctium (1) 

Woody plants 

Quercus* 1 3 
Rhus (1) 

Vitis* 3 
Rubus* 
Cornus (1) 
Rosa* 
Prunus* 
Morus (1) 
Vaccinium (2) 
Celtis* 
Crataegus* 
Pinus (1) 
Platanus (1) 


PrP pL LALLA LED PP 


ee ee pe ee ie pe 


to 
ee ee ee 
Pree Pe 


Degree of utilization 








Groups Very , Me- 
high (1) t9h(2) aim (gy Low (4) 
Smilax* ~ 
Hamamelis (1) 4 
Symphoricarpos (1) 4 
Nyssa* 4 
Corylus (1) 4 
Totals 1 2 2 2 3 4 654 45 





_ ® Number of species in each genus positively identified 
in droppings. 
* Identified only to genus. 


feed from the bottoms of hollows and 
ravines up to the tops of the ridges, 
Flocks have been trailed for two to 
three miles in one day, not only along 
ridge tops or ravines, but up and down 
very steep slopes. Some flocks have 
been known to range over 12 to 13 
square miles during the fall when chang- 
ing from summer to winter range. Tur- 
keys have the habit of stripping the 
seed heads of grasses and sedges, there- 
by obtaining large quantities of seeds of 
species of Digitaria, Paspalum, Setaria, 
Panicum, and Carex. The picking and 
stripping methods of procuring food 
characterize their feeding habits from 
April to November, as does the 
scratching method during the winter 
when most seeds are either on the sur- 
face or covered by leaf litter. 

Fruits of blackberry, cherry, blue- 
berry, and mulberry are eagerly sought 
when available. The flowering dogwood 
(Cornus florida), widely distributed over 
the Ozark turkey range, contributes as 
much as or more than any other one 
species to the fruit subsistence. On the 
basis of frequency of taking, it occupies 
a rather prominent place in the diet 
from the time the fruit ripens in Sep- 
tember until February. The seratchings 
of turkeys can invariably be found un- 
der any bearing tree of flowering dog- 
wood throughout the fall and winter. 
The relative amounts of fleshy fruits 
are not adequately represented by the 
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dropping analysis method, especially 
fruits having a single seed such as wild 
cherry or the dogwoods. 

Grasses, both the green blades and 
the seeds, serve a rather important part 
not only in the food habits in unman- 
aged range, but among domesticated 
plants on the managed range as well. 
During the present study, 21 different 
genera of grasses were found to be 
utilized by wild turkeys. Foraging in 
old fields is indicated by the pre- 
ponderance of two species of crab grass, 
Digitaria sanguinalis and D. ischae- 
mum, in the diet, particularly during 
August, September, and October. 
Grasses of the genera Digitaria, Pas- 
palum, and Panicum rank from very 
high to medium in frequency of occur- 
rence in the droppings (Table 1). While 


Grass and sedge 
leaves and seeds 
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Grass and sedge seeds 
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Fig. 2. Monthly variation in grass seeds 
and leaves, including sedges in diet of wild 
turkeys. 


these data do not specifically indicate 
high utilization of blue grass, sight rec- 
ords and the presence of many grass 
blades in the early spring diet indicate 
that blue grass is the species taken. It 


is the most abundant grass available 
during the early spring. Since it was not 
possible to identify the blades of the 
different genera of grasses, all grass 
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ig. 3. Monthly variation in acorns utilized 
by wild turkeys. 


leaves were combined and the degree of 
utilization reckoned on that basis. From 
January through June, grasses, includ- 
ing both blades and seeds, formed 20 to 
25 per cent of the monthly diet. Figure 
2 shows the proportion of grass seeds, 
grass leaves, and their combined values 
among the total monthly food items. 
Three species of sedges of the genera 
Cyperus and Carex are included in the 
percentages for grasses. The chufa 
(Cyperus esculentus), widely planted in 
the south for wild turkeys, was the 
principal species of this genus used by 
the Missouri turkeys. 

Figure 3 illustrates the trend in oak 
mast consumption through the year. 
The importance of acorns in the tur- 
key’s diet should not be minimized. 
When there is a good yield of mast, the 
turkeys remain in the oak forests of the 
Missouri Ozarks, but in years of mast 
failure, they tend to drift into corn or 
cane fields. Winter barley and wheat 
fields are also widely used. Proper man- 
agement measures can partially offset 
this drift by providing a quantity and 
variety of feed in well-distributed food 
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patches. The abundance of acorns fluc- 
tuates from one year to another, but the 
data summarized in Figure 3 were ob- 
tained from droppings collected during 
one good, one fair, and one poor acorn 
crop yield, and thus probably represent 
somewhere near the average yearly 
consumption. The acorns used by tur- 
keys are those of the following oaks: 
black (Quercus velutina), blackjack (Q. 


TABLE 2 


FAMILY GROUPS OF INSECTS IN DE- 

CREASING IMPORTANCE AS FOOD FOR 

WILD TURKEYS, BY FREQUENCY OF 
OCCURRENCE IN 3,244 DROPPINGS 


Acrididae—short horned 
grasshop 
Suntenaniiee—ctiek bugs 
Carabidae—ground beetles 
Curculionidae—weevils 
Scarabaeidae—scavenger 
beetles 
Formicidae—ants 
Phasmidae—walkingsticks 
Passalidae—horned beetles 
Ichneumonidae—ichneu- 
mon flies 
Chrysomelidae—leaf beetles 
Coreidae—squash bugs 
Vespidae—wasps 
Tettigoniidae—long-horned 
grasshoppers 
Lygaeidae—chinch bugs 
Gryllidae—crickets 
Cicindelidae—tiger beetles 
Elateridae—click beetles 
Tenebrionidae—darkling 
beetles 
Staphylinidae—rove beetles 
Buprestidae—metallic 
wood-borers 
Calliphoridae—blow flies 
Cicadidae—cicadas 
Cydnidae—burrower bugs 


Reduviidae—assassin bugs 

Coccinellidae—lady bird 
beetles 

Cerambycidae—long-horned 
beetles 

Cucujidae—flat bark bee- 


tles 
shepepetiine—tesing bee- 
tles 
Dytiscidae—predaceous 
water beetles 
Blattidae—roaches 
Asilidae—robber flies 
Histeridae—hister beetles 
ee flies 
Nabidae—damsel bugs 
Lithosiidae—tiger moths 
Encyrtidae—encyrtid para- 
sites 
Eumenidae—potter wasps 
Cicadellidae—leafhoppers 
Chrysididae—cuckoo wasps 
Cantharidae—leather- 
winged beetles 
Braconidae—braconid 
wasps 
Agromyzidae—agromyzid 


flies 
Adrenidae—adrenid bees 





marilandica), red (Q. rubra), post (Q. 
stellata), scarlet (Q. coccinea), white 
(Q. alba) and pin (Q. palustris). Acorns 
are high on the list of preferred foods of 
the wild turkeys in the Ozark region. 
The small acorns of post and blackjack 
oaks are particularly attractive. In tim- 
ber stand improvement work, sufficient 
blackjack and post oaks should be left 
to ensure an adequate supply of acorns 
not only for turkeys, but also for deer; 
the necessity is even greater for the 
latter animals. 

The proportion of animal food (in- 


sects) in the yearly diet is shown jp 
Figure 1, the largest amount being con- 
sumed during June when insects are at 
a maximum. The peak in October repre. 
sents almost entirely walking-sticks 
(Diapheromera) and short-horned grass- 
hoppers. Walking-sticks were in large 
numbers over much of the Ozark range 
during the period of this study. In win- 
ter insects are obtained as the turkeys 
scratch over leaves and litter. Forest 
land that has not been burned over 
offers a larger variety and quantity of 
ground-inhabiting insects and other in- 
vertebrates such as spiders, wintering 
either in the larval or adult stages, than 
burned-over areas. 

In Table the insects have been 
grouped by families in order of decreas- 
ing importance as turkey food; 47 kinds 
were recognized only to the family or 
subfamily, 55 kinds to the genus, and an 
additional 11 to the species. 

The list of insect families is large, 
but the insects eaten in any quantity 
are all in the first 10 families of Table 2. 
The relative proportions of the insects 
of these ten families found in the drop- 
pings are shown in the following table: 


TABLE 3 


FREQUENCY PERCENTAGE OF 
PRINCIPAL INSECT MATERIALS 


Springand Fall and 


summer winter 

(April- —_ (October- 

Family September) March) 

Acrididae (short-horned grass- 

hoppers) 23. 6 24.6 
eters ee (stink bugs) = 7 9.4 
Phasmidae (walkingsticks) 0.0 11.1 
Carabidae (ground beetles) 10.2 13.2 
Curculionidae (weevils) 10.2 5.5 
Scarabaeidae (scavenger beetles) 10.6 1.8 
Formicidae (ants) 5.0 7.2 
Passalidae (horned beetles) 4.4 6.1 
Ichneumonidae (ichneumon flies) 2.8 3.5 
Chrysomelidae (leaf beetles) 4.0 1.9 
Totals 87.5 84.3 


Other invertebrates besides insects 
are eaten by wild turkeys, and the fre- 
quency of taking of all animal life is 
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summarized in Table 4. The relative 
values of the various items is presented 
by orders and classes and summarized 
for the spring-summer and fall-winter 
periods. 

TABLE 4 


FREQUENCY PERCENTAGE OF ALL 
ANIMAL FOODS 





Spring- 
Order summer Fall-winter 
(April-Sept.) (Oct.-March) 

Coleoptera 49.7 31.1 
Orthoptera 23.5 32.0 
Hymenoptera 5 8 Py 20.2 
Diptera 6.1 3.6 
Hemiptera 3.5 13.6 
Decapoda 2.2 3.1 
Araneida | 2.3 
Gastropoda 0.8 1.3 
Chilopoda 0.4 1.3 
Diplopoda 0.4 0.0 
Lepidoptera 0.6 ae 
Homoptera 0.0 0.4 
Isoptera 0.0 Trace 
Isopoda 0.0 Trace 
Mallophaga 0.0 Trace 
Odonata Trace Trace 

Totals 100.0 100.0 

SUMMARY 


This study of the food habits of the 
wild turkey is based entirely upon data 
obtained from the examination of 3,244 
droppings collected at random from 
wildlife refuges in the Ozark Mountains 
of Missouri from September 1938 to 
October 1940. Trends in the seasonal 
food habits are shown to correspond 
with availability of the different classes 
of food. Plant foods comprised approxi- 
mately 75 per cent of the annual sub- 
sistence, grass seeds and blades and 
acorns being most important. Insect 
foods made up the remaining 25 per 
cent of the diet, beetles, grasshoppers, 


and ants comprising nearly four-fifths 
of all the animals eaten. 


LITERATURE CITED 


JupD, SYLVESTER D. 

1905. The grouse and wild turkeys 
of the United States and their 
economic value. U.S.D.A. Bur. 
Biol. Surv. Bul. 24. 

Dake, Paut D. 

1935. Dropping analysis as an in- 
dication of pheasant foods. Trans. 
21st Amer. Game Conf.: 387-391. 

Witson, Kenneth A. and Ernest A. 
VAUGHN 

1936. The land resettlement ad- 
ministration and its wildlife pro- 
gram on the eastern shore of 
Maryland. Maryland Conserva- 
tionist, Spring, 1936, pp. 21-26. 

BuaKEy, Harotp L. 

1937. The wild turkey on the Mis- 
souri Ozark range. U.S.D.A., Bur. 
Biol. Surv., Wildlife Research 
and Management Leaflet BS-77 
(mimeo.). 

Martin, A. C., May, F. H., and Ta.sort E. 
CLARKE 

1939. Early winter food preferences 
of the wild turkey on the George 
Washington National Forest. 
Trans. 4th N. Amer. Wildlife 
Conf.: 570-578. 

Goop, Henry G. and Lioyp G. WEBB 

1940. Spring foods of the wild turkey 
in Alabama. American Wildlife, 
29: 288-290. 

Rivers, D. G. 

1940. Food habits of the wild turkey 
in Virginia. M.S. thesis, Virginia 
Polytechnic Institute, unpub- 
lished. 

Swanson, Gustav 

1940, Food habits of the sharp- 
tailed grouse by analysis of drop- 
pings. JouRN. WiLpLIFE Man- 
AGEMENT, 4: 432-436. 

Paul D. Dalke 

W. K. Clark Jr. 

L. J. Korschgen 

Missouri Cooperative Wildlife 


Research Unit 
Columbia, Missouri 








EARLY SPRING FOOD OF THE OTTER IN MICHIGAN: 
Karl F. Lagler and Burton T. Ostenson 


The otter (Lutra c. canadensis) had 
year-round protection in Michigan for 
fifteen years prior to 1940. In the years 
immediately following 1920, it seemed 
that this animal faced virtual extirpa- 
tion from the State, consequently a 
closed season was declared in 1925. Ap- 
parently as a result of this protection 
and of general improvement in its 
habitat, due in part to more effective 
forest fire control, the otter reestab- 
lished itself in sufficient numbers to 
again become a noticeable part of the 
animal life of the waterways of northern 
Michigan. With this increase trout 
fishermen protested that depredations 
of the otter were seriously affecting 
their angling success. Beaver trappers 
also began to complain, since the only 
legal disposition that they could make 
of the increasing numbers of otters 
caught in their beaver traps was to turn 
the animals over to the Conservation 
Department. Such takes brought no 
profit to the trapper and often meant 
the loss of good beaver sets. 

In response to these complaints and 
to obtain materials for a better under- 
standing of the place of the otter in the 
economy of Michigan fish and game, the 
Michigan Conservation Commission 
opened the season on otters in 1940 and 
1941. The period legalized for trapping 
was made to coincide with that for 
beaver, although certain counties open 
for beaver remained closed for otter. In 


1 Contribution from the Departments of 
Zoology of the University of Michigan and of 
Michigan State College and from the Insti- 
tute for Fisheries Research of the Michigan 
Department of Conservation. 


both years the season extended from 
April 1 to 15, inclusive, in the Upper 
Peninsula. In the Lower Peninsula jp 
1940 the period was from March 20 to 
April 10, inclusive, and in 1941, from 
March 20 to April 3, inclusive. Almost 
all the otters were taken after the spring 
break-up which occurred approximately 
during the middle of the legalized period 
in each area during both years. 

Trappers were required by regulation 
to turn in the carcasses of trapped ot- 
ters to conservation officers, at which 
time the pelts were officially sealed. The 
officers were instructed to record infor- 
mation as to the specific locality, date, 
and kind of water (trout, non-trout) 
whence each was taken. From these 
S. C. Whitlock of the Game Division of 
the Department of Conservation pre- 
pared a map (Fig. 1) showing the place 
of capture of 255 otters in 1940; the dis- 
tribution for 1941 was much the same. 
In 1940, 266 otters were taken (173 
from trout waters, 83 from non-trout, 
and 10 unclassified; in 1941, 173 were 
trapped (124 from trout waters, 39 
from non-trout, and 10 unclassified); 
439 otters were trapped during the two 
open years. 

A tag bearing locality data or other 
means for identification was usually at- 
tached to each carcass by the officer. 
Some were not so identified and on 
others the label became blood-soaked 
and illegible or later was accidentally 
torn off. Not all of the specimens ulti- 
mately available for study of food, para- 
sites, and life history had sufficient data 
to permit their classification as to origin 
from trout or non-trout waters. 
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Most of the carcasses were sent from 
the field to the Game Division Labora- 
tory in East Lansing. Mammalogical 
data were recorded by Ostenson for a 
life history study in preparation by 
him, and the stomachs and intestines, 
or only their contents when a parasito- 







SUMMARY OF 1940 
OTTER SEASON 


LOCATION OF INDIVIDUAL OTTER 
TRAPPED 

e OTTER TRAPPED ON TROUT WATER 

x OTTER TRAPPED ON NON- TROUT 

WATER 


SHADED AREAS CLOSED TO 


4 
OTTER TRAPPING /) 


Yi»; 


. 


study here reported deals with the food 
in spring. It is essential to know if at 
this time of year the otter is an undesir- 
able predator of fishes; if it is, continued 
open seasons may be partially justified. 
In addition, information on the interac- 
tions of predator and prey and on the 
relationships of prey species among 
themselves is given. A comparison and 
appraisal of findings obtained from 





Y, 


Fig. 1. Map of northern Michigan showing the counties open to trapping, the locations 
where otters were taken, and the nature of the waters (trout or non-trout) from which they 


were removed in 1940. 


logical examination was made, were 
preserved. Ten per cent formalin proved 
to be a better preservative than 70 per 
cent alcohol; the fixation of fleshy ma- 
terials was more complete, thus facili- 
tating subsequent identifications of 
food items. 

The two long-range objectives of this 
food study are to develop a manage- 
ment program for the otter and to pro- 
vide for a monograph of predation on 
fishes in preparation by Lagler. The 


analyses of the contents of stomachs 
and intestines with those of scats is also 


made. 
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PROCEDURE 

Methods for studying the food of fish 
predators which swallow their food 
without chewing have been outlined by 
Salyer and Lagler (3). Only the depar- 
tures from this technique employed in 
the analysis of otter foods are men- 
tioned here. 

Food in the digestive organs of the 
otter had usually been chewed into bits 
} to 3 inch long or smaller and was al- 
ways at least partially digested. Fish 
scales and otoliths, bones, and chitin all 
gave evidence of some dissolution. 
Fishes as small as 2 or 3 inches in length 
were often chopped into several pieces; 
few, even of this small size, had been 
swallowed entire. Crayfishes were al- 
ways particularly well chewed. 

The intestinal contents consisted 
chiefly of incompletely digested hard 
parts of food organisms, such as fish 
scales and fin rays, bones, and pieces of 
the exoskeletons of crayfishes and in- 
sects. These were enmeshed ina “rope” 
of mucus about half an inch in diameter 


that extended throughout the entire 
length of the intestinal tract. It was dif. 
ficult to separate food particles from 
this mucus (the possible function of 
which is to protect the intestinal lining 
from abrasion by the hard, sharp frag. 
ments of food items) and from the 
mucosa of the intestinal wall. No ae. 
curate inspection was possible in the 
presence of this gelatinous, flocculent 
matter. After trying several methods, 
including futile attempts at dissolving 
the mucus and mucosa, fragmentation 
by agitation was found to be most suc- 
cessful. 

The intestinal contents of each otter 
were placed in a jar, a tablespoonful of 
No. 5 lead shot added, and the jar coy- 
ered and shaken until the coagulated 
mucoid material was broken into bits, 
or, instead, an egg beater was used to 
fragment the mucus. Most of this and 
any food particles smaller than 1/20 
inch in diameter would then pass 
through the No. 20 screen into which 
all was poured. Examinations of 
strained material showed loss of hard 
parts to be negligible but most of the 
small amounts of flesh reaching the 
intestines passed through the mesh of 
the sieve. The percentages by volume 
of food remains from intestines are 
thus averages of estimates of propor- 
tions by bulk as determined by inspec- 
tion after straining; these percentages 
are not based on measured volumes as 
are those for stomach contents. From 
the point of view of technical validity, 
the tabular data presented in the results 
of the analyses of the contents of these 
two organs are thus not strictly com- 
parable. 

Occasional bits of vegetable debris 
such as a leaf of jack pine, balsam fir, 
or white cedar, or a small fragment of 
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TABLE 1 
EARLY SPRING FOOD OF OTTERS FROM TROUT WATERS IN MICHIGAN 


Based on contents of 95 stomachs (761.8 cc.) and 133 intestines. 
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a 
Stomachs Intestines 
Number Number | Average 
Food item of indi- |Percentage | Percentage) oF indi- estimated Percentage 
viduals of, Of total | frequency | yiquals of percentage | frequency 
each item| Volume of occur- | each item) of food | °f oceur- 
eaten of food rence eaten by bulk rence 
Game and pan fishes aoe 22.7 27.4 Bee 16.3 45.9 
Trout 19 oe ou 45 ees ews 
Bullheads 5 ae 9 
Northern pike 2 sii 7 
Perch 4 ae 26 
Bass and sunfish 17 ee ae 36 ae ee 
Forage fishes as 35.9 63 .2 oe 21.1 69.2 
Suckers 16 Sate Sets 40 Aree wr 
Minnows 51 iii asta 158 re me 
Madtoms toa rar ied 1 oe es 
Mudminnows 81 zs am 72 Bee renee 
Darters 22 sites nee 5 Sane nee 
Muddlers 69 ee eee 99 tee ates 
Sticklebacks 25 pers oe 41 Sa ve 
Fish remains mee 3.9 34.7 ee 14.0 49.6 
Amphibians 23 25.2 21.1 32 6.4 21.8 
Other vertebrates 3 4.5 3.2 1 0.7 0.8 
Insects 16 0.4 10.5 61 I 26.3 
Cray fishes 48 7.4 42.1 132 37.8 54.9 
Snails hs oes ie 2 Trace 0.8 























dead grass or bark were presumed to 
have been taken incidentally and were 
not considered as food. Such vegetable 
matter was apparently unaltered by the 
digestive juices. 


Resvu.ts oF Foop StTupDI£Es 


Only 376 of the total number (439) 
of otters trapped became available for 
food study, because of losses in handling 
and faulty preservation. These were 
grouped as to those taken from trout 
waters (187), those from non-trout 
waters (105), and those lacking suffi- 
cient locality data to permit placement 
in either of the two previous categories 
(64). The findings for the first two 
groups are treated separately, and those 
for all three are then combined. It was 
impracticable to combine stomach and 
intestinal contents for individual otter, 
80 they are treated separately. 


Food of otters from trout waters.—Of 
the 187 otters from trout waters, food 
was contained in the stomachs of 95 
and in the intestines of 133. The food 
remains (761.8 cc.) in the stomachs 
(Table 1; Fig. 2) were composed largely 
of forage fishes (35.9 per cent) princi- 
pally mudminnows,? muddlers, and 
minnows. Amphibians (frogs and mud- 
puppies) were next in importance (25.3 
per cent) and game and pan fishes, 
mostly trout and bass or sunfishes, next 
(22.7 per cent). 

Forage fishes apparently constitute 
effective buffers against otter predation 
for the game and pan species in trout 
waters, since they are eaten frequently 
(in 63.2 per cent of the stomachs) in 
goodly numbers, and in significant bulk. 
Fish remains such as fragments of ribs, 


2 See annotated list of food items for scien- 
tific names. 
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vertebrae and fin rays, most likely rep- 
resent species identified from other 
parts. 

Crayfishes were found in several 
stomachs (42.1 per cent), but con- 
stituted only a small proportion of the 
total food from these organs (7.4 per 


INSECTS 0.4% 


to the total volume (0.4 per cent). The 
small snails found as a trace in one jp. 
testine were not more than 4 mm, jp 
length and may have been ingested ao. 
cidentally by the otter or have been 
taken secondarily within some other 
food organism. This latter Possibility 


>> 

















FORAGE 
FISHES 


35.9% 


AMPHIBIANS 
25.2% 


Fig. 2. Percentage composition by volume of food from 95 
stomachs of otters taken in early spring on trout waters in Michi- 


gan, 1940 and 1941. 


cent by volume). In the intestines, how- 
ever, the bulk (37.8 per cent) of these 
crustacean remains was disproportion- 
ately large owing to the persistence and 
accumulation of hard parts. 
Vertebrates other than fish and am- 
phibians, insects, and snails constituted 
the remainder of the food. The verte- 
brates (a goldeneye duck, and some 
unidentified flesh) contribute some bulk 
(4.5 per cent), but the insects, although 
rather consistently taken, lend little 


was obviously the explanation for the 
infrequent occurrence of smaller insects 
occasionally found in the intact stom- 
achs of fishes taken from the same organ 
of the otter. These were not listed as 
otter food. Large water beetles and bugs 
were quite certainly taken primarily. 
Food of otters from non-trout waters.— 
The stomachs of 40 and the intestines 
of 51 of the 105 otters taken from not- 
trout waters contained food (Table 2; 
Fig. 3). Game and pan fishes were most 
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prominent food (65.3 per cent by vol- 
yme) in the stomachs. As might be ex- 
pected, however, because of nearly com- 
plete digestion, they contributed less 
bulk in the intestines (21.0 per cent). 
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curred in one-fourth of these organs 
that contained food. For reasons pre- 
viously given, these crustaceans ap- 
pear in greater volume and more often 
in the intestines than in the stomachs. 


TABLE 2 


EARLY SPRING FOOD OF OTTERS FROM NON-TROUT WATERS 
IN MICHIGAN 


Based on contents of 40 stomachs (564.3 cc.) and 51 intestines. 

















Stomachs Intestines 

Food item ype Percentage| Percentage ——— Average |Percentage 

viduals of| Of total | frequency | yiquals of| estimated | frequency 

eachitem| Volume | of occur- | gach item| Percentage| of occur- 
eaten of food rence eaten by bulk rence 
Game and pan fishes ar 65.3 40.0 yer 21.0 41.2 
Bullheads 3 yas hav 5 nee ks 

Northern pike 4 veo ue 2 
Perch 7 ier gts 5 

Bass and sunfish 60 — sii 121 mor suas 
Forage fishes hat 11.2 45.0 Seis 22.2 66.7 
Suckers 12 wae bane 10 oe ve 
Minnows 38 ne mre 28 awe ae 
Mudminnows 20 os oe 76 ate ee 
Darters 2 ae crate 1 ows ae 
Muddlers 4 - ee 8 oo rar 
Sticklebacks 8 ‘i a 6 noe er 
Fish remains phe 2.0 40.0 i 11.3 47.1 
Amphibians ee 14.4 10.0 pee 8.7 21.6 
Frogs 4 ee ee 10 wie ey 
Mudpuppies 5 of ig 2 cot 
Other vertebrates 2 0.5 5.0 ees ae 
Insects 16 2.9 25.0 129 7.0 35.3 
Crayfishes 10 : ie | 25.0 37 29.3 51.0 























Forage fishes were present about as of- 
ten as game species and in about the 
same numbers in the stomachs, but 
represent only about one-sixth the vol- 
ume for game fishes. This disparity 
sems obviously due to the greater 
average size of the game species. 
Amphibians, including frogs and 
mudpuppies, were notable in otters 
from non-trout waters where they made 
up a little more than an eighth of the 
bulk of the food in stomachs. Portions 
of 14 frogs and 7 mudpuppies were rec- 
ognized in the stomachs and intestines. 
Only 3.7 per cent of the food in 
stomachs was crayfishes, but they oc- 


DiIscussION AND SUMMARY 


Fishes, crayfishes, and amphibians 
are the predominant items in food of 
the otter as is generally known from scat 
analyses. Trautman (2) analyzed 600 
cc. of scats collected on April 14, 1936, 
from the inlet of Pickerel Lake, Dickin- 
son County, Michigan. The remains in 
these droppings comprised 65.8 per 
cent of minnows and suckers, 27.5 per 
cent of crayfishes, and 6.7 per cent of 
a miscellany including fragments of 
plants, large aquatic beetles, and a 
snail. 

Analyses of the total collection of 
the Game Division’s 568 otter scats to 
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1938 (presumably by the U. 8. Bureau 
of Biological Survey) showed that ‘‘fish 
remains found in 57.6 per cent of the 
scats were unidentifiable as to species. 
Trout remains, if present, were too 
fragmentary to be identified. Frogs, 
crayfish, and diving beetles appear to 


MISCELLANEOUS 
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food items than in scat analyses, ang 
more accurate estimations of size and 
enumerations of individuals consumed 
and it yields reliable information on the 
relative importance to the otter of the 
organisms eaten (see Annotated List of 
Food Items). 
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Fig. 3. Percentage composition by volume of food from 40 
stomachs of otters taken in early spring on non-trout waters in 


Michigan, 1940 and 1941. 


form an extremely important part of 
the winter food of the otter.’”’ (1) These 
statements are based on winter foods 
and also on scat analyses. The domi- 
nance of crayfish, insect, and frog ma- 
terial found may be due to the mislead- 
ing nature of scat evidence as described 
elsewhere in this paper or it may evi- 
dence seasonal variation in feeding 
habits. 

The material that we have studied 
permits more specific determinations of 


In the summary of our findings on 
the food of the otter in early spring 
(Table 3), we have added information 
from 38 stomachs and 36 intestines (of 
47 otters) from unknown localities to 
that for specimens from trout and not- 
trout waters. The total thus becomes 
173 stomachs with 2,316.5 cc. of food 
and 220 intestines. 

The considerable proportion (258 
per cent) of the total volume of stom- 
ach contents represented by verte 
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prates other than fishes and amphibians 
(Table 3) is due mostly to much of a 
gowshoe hare in one stomach, of a 
red-shouldered hawk in another, and 
of a goldeneye duck in a third. These 
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relatively large proportions of soft 
parts, they will become less and less 
significant in bulk as they pass through 
the alimentary canal, in spite of some 
accumulation. Crayfishes and insects 


TABLE 3 
sUMMARY OF EARLY SPRING FOOD OF OTTERS IN MICHIGAN, 1940, 1941 
Based on contents of 173 stomachs (2,316.5 cc. of food) and 220 intestines; combines data of Tables 1 and 2 with 


findings from other otters with no exact record as to place of collection 

















Stomachs Intestines 
Number Number | Average 
Food item of indi- ree hg of indi- | estimated meee 9 
viduals of| © 7 cae viduals of] percentage fp ed 
each item be 3 —s of ocCur- | each item| of food Of OCCUF= 
eaten = aeaea eaten by bulk tease 
Game and pan fishes 
Trout 20 52 
Bullheads 8 18 
Pike 8 10 
Perch 15 35 
Bass and sunfish 83 sik aaa 166 a i 
Totals 134 32.0 29.5 281 15.9 47.3 
Forage fishes 
Suckers 21 ee. ic 55 = 
Minnows 104 Ee: sce 214 es 
Mudminnows 151 a cua 193 ois 
Muddlers 90 me — 137 sas si 
Miscellaneous 70 a ee 73 ne is 
Totals 436 17.6 56.6 672 22.7 76.1 
Fish remains pes 3.0 37.6 share 13.8 53.2 
Frogsand mudpuppies 
Frogs 32 i ne 53 pets Sil 
Mudpuppies 5 oe ue 2 sehr i 
Totals 37 16.1 16.2 55 7.5 25.4 
Other vertebrates 7 25.8 4.1 1 0.9 1.0 
Insects 25 0.8 13.3 81 4.2 31.8 
Crayfishes 64 4.7 35.3 165 35.0 59.2 























obviously are not staples in the food of 
the otter and may or may not have been 
carrion. Their atypical incidence and 
occurrence in such bulk must be kept 
inmind when comparisons are made be- 
tween food groups in stomachs with 
those in intestines. The percentage of 
volume for fish, for example, would be 
seen to decrease markedly from stom- 
achs to intestines if the proportions in 
the former were ‘not upset by the “ab- 
— large volume of hare and 
irds, 


Since fishes and amphibians have 


have proportionately more indigestible 
hard parts and these arthropods come 
to make up more and more of the vol- 
ume of food remains as they travel the 
same course. These facts have direct 
implications for the degree of validity 
of three sources of information on which 
food studies of the otter are based; 
namely, on contents of stomachs, of 
intestines, or of scats. 

From the volumetric point of view it 
is concluded that the findings for the 
stomachs disclose far better the rela- 
tive importance of the various food 
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items than do those for intestines (bar- 
ring the atypical occurrence of bulky 
flesh noted above). Scat analyses are 
least valid in this respect because di- 
gestible materials have mostly been ab- 
sorbed and undigestible remains are 
accumulated. Comparison as to per- 
centage frequency, between the stom- 
achs and intestines shows lesser dis- 
parity, but a similar tendency. 

The adequacy of our material for de- 
picting the early spring food of the 
otter in the area studied is evidenced 
by the rather close similarity of the 
data for each of the two years when 
considered separately. 

Our efforts to learn the frequency of 
feeding and the daily food needs of the 
otter were unsuccessful. Such informa- 
tion is needed to interpret critically, for 
management implications, the kinds, 
relative amounts, numbers, sizes, and 
frequency of items found in the food. 


ANNOTATED List oF Foop Irrems 


This includes the size and habitats of 
prey species and notes some persistent 
hard parts useful for identification. 


GAME AND PAN FISHES 


Salmonidae—Trout. Most remains 
were not identifiable to species. Di- 
agnostic for this group were the maxil- 
lary, premaxillary, and dentary bones 
and their dentition, and the last several 
vertebrae. The trout were 2? to 9 inches 
(average 43 inches) long. Brook trout 
(Salvelinus f. fontinalis), brown trout 
(Salmo trutta fario), and coast rainbow 
trout (Salmo gairdnerii irideus) were 
identified. 

Ameiurusspp.—Bullheads. Some were 
identifiable as the brown bullhead (A. 
n. nebulosus). Of particular value for 
recognition were cleithra (bones of the 
pectoral girdle) and the “‘spines”’ of the 


pectoral fins. The average total length 
was about 5 inches. 

Esox lucius—Northern pike. The 
stout teeth and scales served in ident. 
fication, specimens averaged about 10 
inches. 

Perca flavescens—Y cellow perch. Com- 
monly estimated as under 5 inches long. 
The serrate preopercle, the opercle, 
scales, and otoliths were the chief bases 
for determinations. 

Centrarchidae—Bass and _ sunfishes, 
Some remains, usually scales, were 
identifiable only as “‘bass or sunfish.” 
In other instances Lepominae (sun- 
fishes) were evidenced either as such 
or often more specifically as pumpkin- 
seeds (Lepomis gibbosus), bluegills (L. 
m. macrochirus), Great Lakes longear 
sunfish (L. megalotis peltastes), and rock 
bass (Ambloplites r. rupestris). Recon- 
structed sizes ranged between 2 and 4 
inches. Pharyngeal teeth and scales 
were particularly helpful in identifica- 
tion. 

FORAGE FISHES 

Catostomidae—Suckers. Most re- 
mains were identifiable only to family, 
on the basis of scales and comb-like 
pharyngeal teeth. Some were definitely 
of the genera Mozxostoma and Catosto- 
mus. A few were the common sucker 
(Catostomus c. commersonnii). Large 
suckers are sometimes classed as 
“coarse fish” rather than as “forage 
fish,” but the average small size of those 
found permitted their classification as 
the latter. One sucker was estimated to 
have been 16 inches long; all the others 
apparently were 7 inches or less in total 
length, averaging about 5 inches. 

Cyprinidae—Minnows. Pharyngeal 
teeth or fragments thereof provided the 
most valuable evidence for recognizing 
and enumerating minnows. Identifica- 
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tions of some of the members of this 
family were also facilitated by this 
means as well as by the scales. The size 
of individuals where estimations were 
possible ranged between 1} and 5 inches 
although some of the creek chubs and 
one common shiner were larger. Species 
determined were: western blacknose 
dace (Rhinichthys atratulus meleagris) ; 
Great Lakes longnose dace (Rhinichthys 
cataractae) ; northern creek chub (Semo- 
tilus a. atromaculatus); northern red- 
belly dace (Chrosomus eos); western 
golden shiner (Notemigonus crysoleucas 
auratus); blackchin shiner (Notropis 
heterodon); common shiner (Notropis 
cornutus); bluntnose minnow (Hybor- 
hynchus notatus). 

Schilbeodes sp.—Madtom. The re- 
mains of a madtom were found in the 
intestine of one otter. 

Umbra limi—Mudminnow. The most 
important single fish species in the food 
examined was the mudminnow. The 
caudal peduncle with its dark, sub- 
terminal vertical bar provided a ready 
means for identification and enumera- 
tion in stomachs, whereas scales and 
opercles were most usable in the in- 
testines. The unique arrangement of 
the circuli on the scales of the mudmin- 
now separates it at once from all other 
fishes of the region. Individuals aver- 
aged a little less than 3 inches in total 
length; one was estimated to have been 
‘inches long. The high incidence and 
tumbers in which these fish occurred 
suggests that otters grub in the mud 
which is the special environment of the 
nudminnow in spring, and an important 
escape cover at all times when pursued. 

Etheostomatinae—Darters. Only 
three species of this percid subfamily 
Were recognized: the Johnny darter 
(Boleosoma nigrum); the barred fantail 


(Catonotus f. flabellaris); and the Iowa 
darter (Poecilichthys exilis). The few 
found were 22 inches or less in length. 

Cottidae—Muddlers. These charac- 
teristic inhabitants of cavities under 
stones on riffles of streams perhaps are 
second in importance to the mudmin- 
nows among the forage fishes eaten by 
the otter in early spring. The abode of 
stream-dwelling muddlers coincides 
with that for certain crayfishes. This 
apparently renders both of these organ- 
isms particularly vulnerable to preda- 
tion by the otter and indicates the 
feeding behavior of this mammal. The 
cottids are difficult to identify from 
fragmentary remains; specific determin- 
ations were possible only a few times 
when pelvic fins were found intact. 
Identified on such occasions was Cottus 
b. bairdit. The muddlers eaten were 
estimated to average about 2} inches 
long. As a group they are distinguished, 
and number of individuals were ren- 
dered determinable, by the spine-bear- 
ing preopercles and the characteristic 
hypurals. 

Eucalia inconstans—Brook stickle- 
back. These small fishes, each about 
2 inches long, occurred particularly in 
association with mudminnows from 
trout streams. In such streams stickle- 
backs are to be found in weedy, soft- 
bottomed, spring-fed backwaters. Char- 
acteristic fin spines, opercles, hypural, 
and pectoral and pelvic girdles mark 
these fishes for ready identification and 
enumeration from the food remains. 


FISH REMAINS 


Included in this category are frag- 
ments of fishes identifiable only as such. 
Also listed here are a certain few bits of 
esocids, doubtfully pike (Hsox lucius) 
or mud pickerel (EZ. vermiculatus). 
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Known distribution of the mud pickerel 
in the State (apparently confined to the 
southern half of the Lower Peninsula) 
makes it likely that all these remains 
were of pike, but the evidence, particu- 
larly for otters from unknown specific 
localities, seemed insufficient to war- 
rant this conclusion for all such re- 
mains. 
AMPHIBIANS 


Ranidae—Frogs. The only species 
identified was the bullfrog (Rana catesbei- 
ana); others were probably represented 
in those remains (usually bits of the 
characteristic, tubular long bones of the 
limbs, fragments of vertebrae, or por- 
tions of tooth-bearing bones) recogniz- 
able only as “frog.’”’ Some of the re- 
mains may have been those of toads. 

Necturus maculosus—Mudpuppy. Skel- 
etal material and characteristically col- 
ored integument of apparently juvenile 
mudpuppies were found in a few otters. 


OTHER VERTEBRATES 


Lepus americanus—Snowshoe hare. 
The remains of one individual were 
found in one otter; the hare was per- 
haps carrion as perhaps were also the 
following vertebrate items. 

Buteo 1. lineatus—Red-shouldered 
Hawk. Fleshy remains, possibly carrion 
and including a few feathers but lack- 
ing bones, in one otter. 

Bucephala_ clangula americana— 
American Goldeneye. Considerable re- 
mains of one in one otter. 


INSECTS 


Large beetles (Coleoptera) of the 
families Dytiscidae, Haliplidae, and 


Gyrinidae and sizable water bugs (Hem. 
iptera) of the family Belostomatidae 
(often the electric light bug, Lethocerus) 
were found. A few aquatic insect larvae 
apparently eaten directly were also 
found and identified as Sialidae and 
Corydalinae (Neuroptera) and Tipulidae 
and Leptidae (Diptera). 


CRAYFISHES 


Crayfishes (Cambarus spp.) were 
most often rendered unidentifiable as 
to species because of the thorough 
mastication to which they had been 
subjected. Individuals specifically de- 
termined on the basis of occasional 
complete chelae, of antennal scales, and 
of external genitalia were mostly (. 
virilis and C. propinquus; both are som- 
mon in situations described for the 
stream-dwelling muddlers and _ else- 
where. Noted only once each were (. 
diogenes, a burrower, and C. immunis. 
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THE WILDLIFE SOCIETY 


REPORT OF THE SECRETARY FOR THE YEAR ENDING WITH THE 
SrxtH ANNUAL MEETING, APRIL 8, 1942 


Since the last meeting of the Society, 
fourteen months ago, the immediate 
outlook has changed immensely for 
conservation interests in general and 
for wildlife management very specifi- 
cally. The Pearl Harbor attack in one 
moment altered our whole future for 
an indefinite time to come. At one and 
the same time, we are faced with 
greater and more grave responsibilities 
than ever before, and will have vastly 
curtailed facilities for meeting them. 
The challenge is supreme, and if our 
profession survives, as I am confident 
it will, we should emerge with many of 
the kinks removed from our programs. 

Our manpower is being greatly re- 
duced by the enlargement of the armed 
forces. Our supplies of labor, equip- 
ment, and materials are fading under 
the stress of production for all-out war, 
and our funds are being reduced ac- 
cordingly. These sacrifices we accept 
gladly, but other losses that threaten, 
we must not accept. Under the stress 
of our fight for survival, the path of 
least resistance often leads to wanton 


and unnecessary exploitation and de-- 


struction of natural resources with 
which we as a profession are vitally 
concerned. After the last world we 
vowed never again to permit the hor- 
rible despoliation of soils and forests 
and waters—and inevitably of wildlife 
with them—that took place under some 
misguided efforts at patriotism. Now 
we must make good that vow. We have 
been in this conflagration but four 
months, yet we already see signs of an 


increasing rate of reduction of our capi- 
tal assets of soils and woodlands, the 
foundation of our work. 

We hear that all-out war requires the 
spending of every available facility to 
gain the immediate goal of victory. If 
all-out war means anything, it surely 
means the fullest use of good sense, 
and the greatest effort toward needed 
production without serious impairment 
of our national assets. That is the 
challenge to us and our colleagues in 
related fields of conservation. As never 
before, conservation must mean ‘‘wise 
use.”” We must concentrate our efforts 
on production by conservation methods 
and practices which increase produc- 
tion, and are, therefore, of fundamental 
importance in the war effort. 

We hear many fears expressed today 
for the future of wildlife work. Jobs 
and projects are insecure. Is this be- 
cause the work is not contributing ade- 
quately to the production of vital re- 
sources? If so, it behooves each of us 
to review our program and to realign 
it so that it may contribute importantly 
to production of essential products. 
Some of these products are widlife 
crops, and others are so related that 
their production also benefits wildlife. 
Now is the time, if indeed it is not too 
late, for us to take a highly objective 
attitude toward our work. We must 
abandon any crusading as the basis of 
our effort and produce needed re- 
sources by practical scientific methods. 
To the degree that the wildlife profes- 
sion can direct its efforts in this direc- 
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tion, just so can it hope to weather the 
storm. Professional workers in the wild- 
life field need counsel now more than 
they ever have before. The Society, 
through its Council, its Committees, 
and its Membership, should strive in 
every way to bring about the needed 
adjustments. 

We may expect a period of difficulty 
ahead for the Society itself. To date our 
membership has held up remarkably 
well. As of March 15 the membership 
in good standing was 903, composed of 
375 Active members and 528 Associ- 
ates. In addition, there are 128 libraries, 
offices, and individuals subscribing to 
the JouRNAL. These figures show a net 
gain of 25 Active members and 39 As- 
sociate members over the previous year, 
but a loss of 45 subscriptions. The latter 
figure does not portray a true picture, 
however, as 61 other subscribers of 1941 
have not yet renewed their subscrip- 
tions. These are coming in steadily and 
will probably show a net increase in 
subscriptions before the year is out. 
The membership figures do not include 
8 Actives and 55 Associates in arrears 
beginning with 1940 and dropped from 
the rolls. Twelve members have re- 
signed. Thus we have a considerable 
number of members not paid up to 
date, but the trend is favorable, espe- 
cially in these troublesome times. 

During the past year 56 Associates 
or non-members applied for Active 
membership, 129 Associate members 
were accepted, and 25 new subscrip- 
tions to the JouRNAL were received. 
The widening acceptance of the Jour- 
NAL is heartening; 76 back volumes 
were purchased by libraries and indi- 
viduals during the past year to complete 
their sets. 


The Secretary has continuously can. 
vassed for new members with active 
help of the Editor, the Regional Repre- 
sentatives and numerous other mem. 
bers. Eighty invitations have been sent 
out to prospective members by the 
Secretary since the last report. About 
three-fourths of professional wildlife 
management people are now members 
of the Society, but there are some hun- 
dreds more who should be interested 
in belonging, if for no other reason than 
to receive the Society’s publications, If 
each member would bring in one or 
two others we should improve our 


economic condition as well as our 


coverage of the profession. 

During the past year the Society 
published two separate items in the 
July, 1941, issue of the JourRNAL: the 
List of 1941 Officers, Committees, and 
Members; and the Report on Civil Sery- 
ice by the Committee on Professional 
Standards. Reprints of both are avail- 
able upon request. 

The house-organ, Wildlife News has 
prospered, with six issues at six-week 
intervals from late Spring to January. 
If we may judge from the correspond- 
ence, it has evoked much interest and 
comment, almost all favorable, and has 
served its purpose well. Among other 
uses, it served to facilitate the referen- 
dum on membership problems. 

The Society has assisted the Federal 
Civil Service Commission in its de- 
velopment of “The National Roster of 
Technical and Specialized Personnel” 
by furnishing its membership list. The 
Society’s report on Civil Service has 
been placed in the hands of all State 
and Federal Civil Service Commissions 
and has evoked many favorable com- 
ments. In numerous other ways the 
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development of the Society as the 
acknowledged representative of the 
wildlife profession has been advanced. 

The annual election of Regional Rep- 
resentatives to the Council was com- 
pleted in March, by mail ballot, with 
results as follows: Region I. Logan J. 
Bennett; II. Walter A. Gresh; III. 
Warren W. Chase; IV. Olaus J. Murie; 


V. Walter P. Taylor; VI. S. G. Jewett. 
It is my sad duty to report the death 
of three members during the past year, 
Prof. Myron Swenk of Nebraska, Mr. 
Frank B. Foster of Pennsylvania, and 
Mr. D. L. Hebard of Pennsylvania. 


FRANK C. EDMINSTER 
Secretary 


REPORT OF THE TREASURER FOR THE CALENDAR YEAR OF 1941 


Despite the uncertainties of 1941, 
The Wildlife Society at no time during 
the year failed to meet promptly all of 
its financial obligations. The most press- 
ing situation occurred immediately 
following payment for the October issue 
of the JouURNAL OF WILDLIFE MANAGE- 
went, when funds of the Society 
reached the all-time low of $302.76. 
Other costs during the remainder of 
the year would have further reduced 
this balance, whereas in all previous 
years, 1937 through 1940, the Society 
had always shown a December 31 
balance of $500.00 or more. 

In view of this situation the Treas- 
urer acted on the recommendation of 
the Council and altered a custom of 
preceding years by submitting dues 
statements to the membership in Octo- 
ber rather than about January 1. A 
total of $2,139.00 was subsequently 
collected in October, November, and 
December, and the end-of-the-year bal- 
ance was $2,401.53. It must not be 
overlooked, however, that this sub- 
stantial balance consisted mainly of 
funds required for 1942 operation. 

Except for early submission of dues 
statements, The Wildlife Society al- 
most certainly would have been unable 
0 pay promptly the bill for the Janu- 


ary 1942 issue of THE JoURNAL, and 
over a period of several months very 
probably would have lacked sufficient 
funds for actual operation. In addition, 
early submission of statements resulted 
in payment of dues prior to publication 
of the January JouRNAL by a far larger 
number of members than in former 
years, thus permitting, because of the 
Society’s policy of withholding publica- 
tions to members in arrears, a much 
wider immediate circulation of this 
issue. The Treasurer recommends that 
1943 dues statements again be sub- 
mitted in October. 

In summary, the income of The Wild- 
life Society in 1941 was $5,506.06, 
which, added to the December 31, 1940, 
balance of $772.69, amounted to 
$6,278.75, or the total funds available 
for the calendar year. Included in this 
total are 1942 dues from 199 Active 
and 293 Associate members, received 
October-December, 1941. Total 1942 
dues thus collected amounted to 
$1,872.00, which, subtracted from the 
gross receipts of $6,278.75, leaves an 
actual 1941 income of $4,406.75. In 
1940, the Society’s income was $4,- 
357.81, indicating an increase in re- 
ceipts in 1941 of $48.94. 

The JOURNAL OF WILDLIFE MANAGE- 
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ministrative costs in 1941 include 
655.00 for the only audit to date of the 
Treasurer’s records. In 1941, postage, 
printing, stationary, and bank ex- 
change costs showed a decrease, while 
costs for secretarial assistance showed 
a slight increase. Due to the large vol- 
ume of unpaid assistance made avail- 
able, particularly in the offices of the 
Editor, President, Secretary, and Treas- 
urer, secretarial costs continue to re- 
main very low. 

During 1941, the surplus copies of the 
JourNAL OF WILDLIFE MANAGEMENT, 
stored at Menasha, Wisconsin, were in- 
sured against fire and damage; and the 
Treasurer’s surety bond was increased 
from $2,000.00 to $3,000.00, at the 
same rate paid by the preceding 
Treasurer. 

Although a large volume of the 1942 
membership dues have been paid, ap- 


preciable funds are still being received. 
Collections during January, February, 
and March, 1942, were $502.00, $263.00 
and $221.25, respectively. A very large 
part of the funds received during the 
last six or eight months of the dues year 
are collected through the Secretary’s 
office and later transmitted to the 
Treasurer for deposit. Total funds on 
hand, as of April 1, 1942, are $2,516.72. 

The Treasurer feels compelled to 
acknowledge the courtesy of his prede- 
cessor in office, Dr. Warren W. Chase, 
whose consideration and assistance 
helped to make our exchange of duties 
pleasant, comparatively easy, and it is 
hoped, effective. 


Respectfully submitted, 


LEE E. YEAGER 
Treasurer 


April 8, 1942 


MINUTES OF THE S1txtTH ANNUAL MEETING 


The sixth annual meeting of The 
Wildlife Society was called to order at 
8:00 p.m. April 8, 1942, by President 
Richard Gerstell in the Royal York 
Hotel, Toronto, Canada, with about 
7% members present. Frank C. Ed- 
minster, Secretary, was unable to be 
present, and Lee E. Yeager was ap- 
pointed Acting Secretary. 

The minutes of the 1941 meeting 
were dispensed with as they were 
printed in the July 1941 issue of Tue 
JOURNAL OF WILDLIFE MANAGEMENT. 
The Treasurer’s report by Lee E. Yea- 
ger was accepted. Frank C. Edminster’s 
report on the activities of the Secretary 
was read and accepted. 

Dr. J. E. Shillinger as Chairman re- 
ported for the Technical Program Com- 


mittee. The report was accepted, and 
on motion by Logan J. Bennett, sec- 
onded by Rudolf Bennitt, the Pro- 
gram Committee was commended for 
its able work. 

The Regional Representatives re- 
ported as follows: Region I—Bennett 
gave a short review of an excellent 
meeting held at Albany, New York. 
Region II—no report. Region III— 
H. D. Ruhl stated that a fine meeting 
was held at Des Moines, Iowa. Region 
IV—no report. Region V—no report. 
Region VI—D. I. Rasmussen stated 
that representatives of 11 western states 
held a good meeting in Salt Lake City, 
Utah. 

R. E. Trippensee reported as Chair- 
man of the Committee on Manual of 
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Wildlife Techniques. Report accepted. 

Because of the cost involved in print- 
ing THE JOURNAL, the Council decided 
to present for vote by the active mem- 
bership a plan to increase dues of as- 
sociate members from three dollars to 
four dollars. Verne Davison moved 
that the active members be polled for 
an alternative plan whereby associate 
dues would be increased to four dollars 
and active dues to six dollars. Seconded 
by Victor Cahalane and carried. The 
active membership will have an op- 
portunity in the near future to decide 
on the proposed changes. 

The report of the Committee on Pro- 
fessional Standards was read _ by 
Walter P. Taylor and accepted. 

The Report of the Committee on 
Awards, W. L. McAtee, Chairman, was 
given by Rudolf Bennitt. ‘Ecology of 
the Coyote in the Yellowstone,” by 
Adolph Murie was designated as the 
outstanding paper of the year. 

W. P. Taylor moved to amend Sec- 
tion 5 of Article III of the Constitution 
to read: ‘Honorary members shall be 
persons who, upon a two-thirds vote of 
the Council and a two-thirds vote at 
any stated annual meeting of the So- 
ciety, are thus recognized for their 
distinguished service or oustanding 
achievement in the field of wildlife 
management.” Seconded by Rudolf 
Bennitt and carried. 

Because of personal reasons, W. L. 
McAtee notified the Society that he 
would like to be replaced as Editor of 
THE JouRNAL. Tracy I. Storer was ap- 
pointed Editor by the Council and ac- 
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cepted. To assist the Editor an editorig] 
board of two members was appointed, 
George O. Hendrickson to aid in the 
selection and editing of papers dealing 
with animals other than fishes and 
Carl L. Hubbs to aid in the selection 
and editing of fish papers. The Coungjj 
replaced McAtee with reluctance be. 
cause of the outstanding job he has 
done in establishing and editing Tuy 
JOURNAL. 

On motion, duly seconded, it was 
voted to continue the Wildlife News at 
the rate of six issues a year. William R, 
VanDersal asked to be relieved of the 
editorship because of other work, and 
Douglas E. Wade was appointed ag 
editor by the Council. 

Considerable discussion, led by W. P. 
Taylor, was devoted to the place of 
wildlife workers in the war effort. Many 
problems concerning teaching, employ- 
ment, finances, and other important 
phases of our work in relation to the 
war were brought out. 

The election of officers resulted as 
follows: President, Paul R. Needham; 
Vice-President, George O. Hendrickson; 
Secretary, Logan J. Bennett; Treasurer, 
Lee E. Yeager; Trustee, Herbert L. 
Stoddard. 

It was tentatively decided that the 
next annual meeting would be held in 
Denver, Colorado. 

Meeting adjourned at 11:30 P.M. 


Respectfully submitted, 


Locan J. BENNETT, Secretary 
(Minutes written from notes 
by Lee E. Yeager) 








